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COVER SHEET

1. Responsible Agency: US Air Force

2. Title of Action: Establishment. of the Gandy Range Extension and
Adjacent Restricted Airspace as an Area for Supersonic Flight Training.

3. Location of Action (Proposed Airspace is Located Over):

a. Eastern portions of Elko and White Pine Counties in Nevada.

b. Western portions of Tooele, Juab and Millard Counties in Utah.

4. Further Information: Any person or agency wishing additional
information or a copy of this document may contact:

Public Affairs Office
O0-ALC/PA
Hill Air Force Base, Utah 84056
(801) 777-5201

5. Ty of Statement: Draft Enviromzental Impact Statement (DEIS).

6. Abstract: The action beirng assessed is to establish airspace in the
present Gandy Range Extension Military Operations Area/Air Tiafflc Control
Assigned Airspace Area (MOA/ATCAAA) and adjoining restricted airspace for
conducting supersonic flight training. Supersonic flights will be limitcd
to elevations above 5,000 feet above ground level. Military aircraft,
primarily F-16 aircraft assigned to Hill Air Force Base, propose to fly up
to 1,050 supersonic sorties each month in this airspace. The combination of
the Gandy Range and the smaller adjoining restricted airspace are judged to
be the preferred alternative considered in addressing the need for
additional supersonic flight approved airspace. The most signif'icant
environmental impact associated with the proposed action is that due to the
generation of sonic booms. The land area beneath the proposed airspace is
predominantly BLM land, but does have an estimated 350 residents. Areas
beneath the most active portions of the airspace should still experience A-
weighted day-night sound level3 of less than 65 decibels; levels generally
accepted as being suitable for residential purposes. Past studies predict
minimal impact on animals and future plans in the area.

7. Comments on this DEIS:

a. This DEIS was made available to the Environmental Protection Agency
and the public on 19 August 1983.

b. All comments concerning this DEIS should be postmarked by
14 October 1983 and forwarded to:

Environmental ' lanning
HQ AFLC/DEPV
Wright-Patterson AFB, OH 45 4 3i



SUMMARY

1. Description of Proposed Action:

The proposed action is to establish airapcoe in the present Gandy Range
Extension Military Operations Area/Air Traffic Control Assigned Airspace
Area (MOA/ATCAAA) and adjoining restricted airspace for conduoting
supersonic flight training. The airspace being considered is within Utah
Test and Training Range (UTTA) airspace and is a block with its lateral
boundaries being defined by 1he combination of the Gandy M!A boundaries and
a smaller area adjoining the Gandy MOA's east side. This smaller area is
now within airspace restricted for military operations and will join the
Gandy MOA with airspace over DoD owned land that is already approved for
supersonic flight. This exi;3ting supersonic flight airspace cannot
accommodate all of the test and training missions that are now scheduled for
the UTTR and which should be accomplished in supersonic flight airspace.
The vertical boundaries of the airspace being sought for supersonic flight
ranges from 5,000 feet above ground level (AGL) tofeleht80 which
is approximately 58,000--feet atovi m---ea-sea level (MSL). Subsonic flight
training is currently being accomplished in this airspace. It overlies the
Utah - Nevada b'rder; more specifically, overlies western portions of
Tooele, Juab and Millard Counties in Utah and eastern portions of Elko and
White Pine Counties in Nevada. Figure A shows the relative location of the
proposed airspace which overLiaes portions of the "Great Basin area of Utah
and Nevada.

Air Force units at Hill Air Force Base, Utah and other units using the UTTR
for specific exercises, propose to fly up to 1,050 supersonic flight sorties
or missions per month in the airspace under consideration. Each sortie will
average between two and three short periods of supersonic flight with a
sonic boom being created each time the speed of sound is exceeded.
Approximately 100 to 125 sonio booms will be produced per day. Air Force
tests and analyses indicate that only 30 percent of these booms will ever
reach the ground, Tests and analyses also indicate that any one location on
the ground beneath the airspace where the highest Air Force use is expected
would experience three or less sonic booms per day 90 percent of the time.

2. Alternatives to the Proposed Action:

The alternatives to the use of the Gandy Range Extension and the adjoining
restricted airspace for supersonic flight training that wer6 considered are:

a. No action.

b. Relocating the supersonic flight requirement to some other airspace

within the UTTR.

o. Use of distant supersonic flight airspace.

d. Relocating the 388 Tactical Fighter Wing (TFW).

e. Changing the geographi( or vertical limits of the proposed
supersonic flight airspace.

Ii
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These altbrnaties were summarized as follows:

a. No action to increase the quantity of supersonic flight airspace
would restrict realistic tra.1nini and significantly degrade the wartim
effectiveness and survivability of F-16 airorews. Due to high priority
national reseai'ch and development projects, special exercises and 7-16
air-to-ground training, the exis;ing UTTR supersonic flight airspace is
unable to accommodate all of the 388 TFW's F-16 air-to-air sorties.

b. Existing restricted airs;-aces or MOAs making up the UTTP or new
areas within 100 nautical miles of Hill AFB are not considered feasible
alternatives for supersonic flight training. As compared to the proposed
airspace, alternatives for supersonic flight training areas would result in
a negative impact on existing military usage, aommercial/genn.-al aviation
traffl.o and/or would expose significantly more people to sonic boom
activity.

c. The capability of sharir; supersonic flight airspace managed by
other unii~s is limited by the transit distance required to obtain this
training. Excluding the UTTR, the nearest supersonic flight airspace is 320
miles from Hill. Costly inflight refueling and long F-16 transit operation
would be necessary to support th:'.s alternative. The costs, degraded quick
reaction deployment posture and operating limitations resulting from
deploying a squadron to a satellite location for shared use supersonic
flight training are unattractive when compared to local operations within
the proposed supersonic flight a.1rNpace.

d. Relocation of the 388 TFW is considered impractical because of tre
desirable attributes of the Hill location and the excessive costs required
to move and set up operations at another base, aside from the economic
impact on the local community.

e. Changing the geographic or vertical dimensions of the proposed
supersonic fligbt airspace would severely restrict V-16 realistic training
opportunities in this area. If -,he geographic size was reduced, the public
beneath the adjusted area boundaries would be exposed to mere concentrated
r~onic boo- .a* ..... sIaller 0-ra
the minimum supersonic flight altitude above 5,000 feet AGI would degrade
realistic air combat, training in the area, Ii the flooe of the airspaoe
were raised above 10,000 feet AGL, training would be seriously degraded
becaus3 it would have to be accormpllshed at altitudes that would not
represent actual combat situations; and if the floor wera raised to
somewhere between 5,000 and 10,000 feet AGL, training would suffer because
the lower altitudes were not available as a buffer.

3. Environmental Impacts:

The ,environmental impacts are considered minimal in all respects except the
noise resulting from sonic boom activity. The more significant
environmental characteristics coislidered are addressed below:

a. Air quality: The area is presently in use for subsonic flight
operations; but if approved for supersonic flight, the nmber of sorties

Iv



flown there will probably increase. At the present time, the overflow F-16
air-to-air sorties that cannot be scheduled for existing supersonic flight
airspace are scheduled for other available subsonic flight airspace. If the
proposed airspace is approved for supersonic flights, it will be the prime
location for those overflow sorties. Also, at the higher engine power
settings required to achieve and maintain supersonic flight, the rate at
which engine air pollutants enter the atmosphere will increase. Based on
the high al'itude at which flight operations are conducted, the large
operatirg area, and the quantity of air pollutants added by non-point
sources, military flying operations are considered to have a relatively
insignificant impact upon the air quality. It is possibl( that as a result
of an emergency, fuel would be j6ttisoned into the atmosphere to reduce the
gross weight of a distressed aircraft. Previous operational experience
indicates that such occasions are extremely rare. Also, designated jettison
areas are located over DoD property and between the Gandy Range Extension
and Hill AFB. These areas are to be used when possible.

b. Noise: Although present subsonic jet op3rations in the aLrspace
under consideration create noise, supersonic flight would result in
additional noise impact on the environment beneath and near the area.
Several State and Federal agencies commenting on the proposed supersonic
flight action have expressed concern regarding the potential adverse impact
that frequent sonic booms may have on both the human and wildlife population
of the area. Based on calculations of nominal sonic boom overpressures and
assuming people beneath the &rea live at or below 5,000 feet M3., th.-
maximum overpressure to which individuals should be exposed is 7.48 pounds
p or square foot (psf), but the overpressures occurring most often should be
less than 3.52 psf. These levels of overpressure are not known to cause any
health hazards to individual.,. The supersonic overpreesuros may result in
claims for broken glass, cracked plaster and public complaints. Under the
maximum anticipated use, the cumulative noise from sonic booms in the new
supersonic flight airspace will be a C-weighted day-aight average sound
level of between 58 and 60 dteibels. About 12 percent of a population
subjected to this noise level can be expected to be highly annoyed. It is
estimated that there are less than 350 people living beneath the proposed
supersonic flight airapace who may be subjected to these noise levels. The
Department of Housing and Urtan Development (HUD) generally considers
locations with A-weighted daý-night average sound lerels of less than 65
decibels to be appropriate for residential purposes. Even after applying a
4.5 decibel penalty to the C-weighted values in order to make them more
comparable to the annoyance a.ssociated with the A-weighted values, the sound
levels predicted for the proposed action would still be considered
acceptable by HUD for residential development.

available data indicates wildlife and docestic animals demonstrate limited
response and no nestling death or ey'ie abandonment when subjected to sonic
booms of the level anticipated in the- proposed action. Questions on long
term protracted exposure and sublevel responses remain to be studied.

Rec-eationa] aitivities now taking place in the land area beneath the
prcposed super 3cnic flight airspace are of the outdoor, individual or small
group, wilderness Pxperience nature. These are activities where the values
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of unspoiled nature are deliberately sought. Because of the remoteness of
the area, the total number of people participating in these activities is
expected to be small. Noise created by sonic booms would probably be
annoytng to some of the reoreationists. Recreational activities associated
with the mountainous areas beneath the airspace would probably be impacted
lesn than those associated with valley floors. The sonic booms will not
involve any irreversible damage to the recreational capacity of the area.
To the fullest extent possible, sensitive periods such as night time and
generally weekends, would be avoided, thus further mitigating possible
annoyances.

Other than the slight change in quantity and location of aircraft emissions,
the environmental impacts anticipated from the proposed action are
associated with the produ3tion of sonic booms. Other areas of possible
impact such as water quality, solid waste and land disturbance are
considered insignificant. The impacts of sonic boom noise on people,
animals (wild and domesti3), structures and land use are worthy of noting.

Vi
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DEFINITIONS OF FREQUENTLY USED TEMS

Air Traffic Control Assigned Airspace Area (ATCAAA) - Airspace of defined
vertical/lateral limits, assigned by ATC to provide air traffic separation
between the specified operatLon being conduoted within the assigned airspace
and other IFR air traffic.

Cutoff Mach Number - The aircraft Mach number below which the temperature
gradient of the atmosphere refracts the sonic boom in huch a way that it
does not reach the ground and thus is not heard. Aircraft speeds above the
cutoff Mach number will create sonic booms that progagate to the ground.
The cutoff Mach number is solely dependent upon aircraft elevation and can
be calculated a shown in Appendix B.

Day-Night Average Sound Level (DNL) - The day-night average sound level is a
measure of the noise envirorment over a 24-hour annual average busy day with
a 10 decibel penalty to events that occur after 10:00 p.m. and before
7:00 a.m.

dB - Decibel, a logarithmic ,mit which expresses the ratio between two sound
pressures, measuring the relative loudness of sounds. When measuring sound
pressure on the decibel scale, in effect, one is comparing the levels with a
standard reference pressure which is accepted as corresponding to 0
decibels, about the faintest sound that can be heard by a person with very
good hearing in A very aiiet !noation.

Flight Level (FL) - A level of constant atmospheric pressure related to a
reference datum of 29.92 inches of mercury. Each is stated in three digits
that represent hundreds of feet. For example, flight level 250 represents a
barometric altimeter indicati.on of 25,000 feet; flight level 255, an
indication of 25,500 feet.

Focus Boom - A focus boom oocurs when two or more shook waves from an
aircraft in supersonic flight converge on the same point in space at the
same time causing a buildup of the overpressures. These focus booms,
generally caused by supersonic maneuvers or accelerations, do not move with
the aircraft, but only occur in one location which can be either in the air
or on the ground.

Mach Nunber - A number repre.'enting the ratio of the speed of a body to the
speed of a sound in the surrounding atmosphere. Subsonic speeds are
represented by numbers less than 1.0, supersonic speeds by a Mach number
greater than 1.0.

Military Operations Area (MOA) - An airspace assignment of defined vertical
and lateral dimensions, established outside positive control area to
separate/segragate certain military activities from IFR tra~fic and to
identify for VFR traffic where these activities are conducted.

Nautical Mile - 1.150 statute miles.

Sortie - A mission by a single military aircraft.

xiv



Sonic Boom - An acoustic phencuenon (sound) heard when a object exceeds the
speed of sound in air, that is, about 738 mileA per hour at sea level and
standard atmospheric pressure.

Subsonic - Movement of an object at a speed less than the speed of sound.

Supersonic - Movement of an object at a speed greater than the speed of
sound.

xl-



I. PURPOSE OF AND NEED FOR lCTION:

1.0 Purpose:

The purpose of the proposed action is to establish additional airspace
within the Utah Test and Training Range (UTTR) for supersonic flight.
Existing missions at Hill Air Force Base (AFB) in conjunction with special
exercises and tests scheduled for the UTTR have made airspace already
approved for supersonic fligit inadequate in size. This section will
further elaborate on the existing UTTR facilities and the mission
requirements they must accommodate.

1.1 Range Facilities:

1.1.1 Range Managers:

The 6501 Range Squadron at Hill AFB is responsible for the overall command,
control and management of tha UTTR. This Squadron establishes policy that
facilitates the efficient and safe use of air and ground space. They also
provide for cost-effective aaquisition, transmission and processing of time-
critical scientific and engineering data.

1. 1.2 Utah Testand Training Range:

In December 1977, the Deputy Secretary of Defense approved the plan for
consolidation or the Hillfwendover Ranges and the Dugway Proving oround into
a single range. On 1 January 1979, the Air Force Systems Command (AFSC)
became the single range manager and the range is now operated as a major
training and test facility base, known as the Utah Test and Training Range
(UTTR). The AFSC organization performing this managerial task is the 6501
Range Squadron located at Hill AFB. Since the UTTR is operated as a DoD
facility, range plans and programs must consider the requirements of all DoD
range users. This has allowad a more concise ability to plan for and
forecast the total usage of the UTTR. Besides providing a more reliable
source of determining ranrve isage than was available in the past, this
ability has attracted more DoD training and tests to the range. These two
factors, improved planrning capability andiu x -•asd ran-ge activity, along
with better data available on the training requirements of the F-16 aircraft
are the major contributors to the present proposal to establish the
additional supersonic flight airspace.

Figure 1.0 depicts the flying training airspaces, restricted airspaces, aid
Military Operations Areas (MOA) in the vicinity of Hill AFl which make up
the UTTR. For convenience, R.6404 and the area of the Lucin MOA's will be
referred to in this text as the northern range or northern portion of the
UTTR and the remainder of the UTTR to the south as the southern range or
southern portion. The UTTR can be divided logically into these two portions
since the airspace is divided by a commercial airline corridor and the land
area below also forms a corridor between DoD owned lands where an Interstate
Highway (I-80) is located. With the 388 TFW's full complement of F-16
aircraft, thesc flying areas must accommodate approximately 98 F-16 and 18 F-
105 sorties pe. day. They must also accommodate special exercises, research
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and development programs and the flight teating of aircraft that have
received depot maintenance at Hill AFB.

As part of the development of the UTTR complex there have been approximately
60 High Accuracy Multiple Object Tracking System (HAMOTS) sites installed
beneath the airspace making up the range complex. These antenna sites
provide position test data on test craft within the area. Twenty-two of
these HAMOTS sites were recently installed in the southern range to
facilitate the Air Launched Cruise Missile fly-off program which involved
the UTTR. The Air Force now proposes to upgrade some of these HAMOTS
stations to provide tracking sites for a new, highly sophisticated air
combat mareuvers tracking system that is to be installed within the UTTR.
Since this new system will be for air-to-air training, it will have to
service an area where the most realistic combat maneuvers can take place,
i.e., a supersonic flight ai'space low enough to accommodate tactical
training. At the present time, the only UTTR airspace meeting this
description is the "Southern Supersonic Flight Airspace" shown in Figure
2.0, and the HAMOTS sites to be picked for upgrading will be those that can
best take advantage of this existing supersonic flight airspace. This
instrumentation is being pro-:osed under a program known as the HAMOTS
Upgrading System (HUS). Fig zre 3.0 shows the 35 nautical mile radius
circle, designated the HUS Arena, which will be covered by the new tracking
system. The inner circle (23 nautical mile radius) shows the extent of the
area which will be covered by high resolution tracking equipment and the
outer circle (35 nautical mile radius) indicates the limits of the area
covered by lower resolution capabilities. Although the center of the HUS
Arena is not ideally located with respect to the existing supersonic flight
airspace, it is the best location that can be arranged using existing HAMOTS
sites; an arrangement that will provide a substantial savings (millions of
dollars) to the US Government.

1 .2 Mission Requirements:

1.2.1 The 388 Tactical Fighter Wing (TFW):

The 388 TFW, part of the Air Force's Tactical Air Command (TAC), was
activated at -ill A i De U-, J. 19..754 - J approximattely 18VI Personnel
assigned, the Wing is the largest tenant organization on base. Its mission
includes air-to-ground and air superiority roles. When it reached full
strength in December 1976, the 388 TFW was equipped with 54 F_4D Phantom II
aircraft. In January 1979 the 388 TFW began a phase out of the F-4D
aircraft and replacement with F-16 aircraft. The 388 TFW's full strength
now accounts for 102 F-16 aircraft. The environmental impact of this action
was addressed in the Final Environmental Impact Statement (EIS), 'F-16
Beddown at Hill AFB, Utah.'" In this Final EIS, dated 16 November 1977, it
was indicated that airspace already approved for supersonic flight would
satisfy the requirements of the F-16 mission. However, partially due to the
newness of the aircraft to tie Air Force inventory, the number of F-16
training flights requiring sapersonic speeds was underestimated at that
time. Also, tle growing number of test and training operations at the UTTR
which require irspace for supersonic flight were not accounted for.
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The mission of the 388 TFW is to maintain a state of readiness of personnel
and equipment to conduct world-wide air superiority operations against enemy
aircraft. An essential element in the effective accomplishment of this
mission is realistic aircrew training to insure that in time of conflict,
tactical forces are prepared and capable of defeating the adversary. Recent
military experience indicates that combat crew effectiveness and their
ability to survive hostile environments are directly related to the quality
and quantity of previous tra.Lnirng received. Airspace requirements for
quality training with the F-16 aircraft dictate the use of large supersonic
flight training areas to realistically employ the aircraft in the role for
which it was designed and procured. To accomplish Tactical Air Command's
(TAC) directed mission, training requirements and mLintain a high level of
unit combat capability, approximately 55 percent of the F-16 training
sorties are air-to-air super.ority oriented and recLuire supersonic flight
airspace. Because of wide variations in training s3cenarios and individual
pilot employment techniques, supersonic flight may not occur on all of the
F-16 air-to-air training sorties. Supersonic capability, however, should
exist so that pilots may employ the F-16 in that ragime if required.
Without speed restrictions, the pilots are able to exploit the entire flight
regime of the aircraft, a necessity in providing realistic training.
Requiring pilots to maintain subsonic speeds would be an artificial barrier
that would not exist in actual ,,warti.me" situations. The 388 TFW's air
superiority mission is now degraded because ddequate airspace in which to
conduct air combat traJ.ning at supersonic speeds is not available.

With its full complement od F-i6 aircraft, the 388 TFW mi aion training
requirements dictate 1169 iir-to-air sorties per-wnth "pproxicktely 270
per week or 54 per dýyx4ith approximatel 90 percent or 1050Ž,bf these
exceeding the speed of sound, These missiod-aoensist ir-6ombat training
(dog fight) type missions wh:ich require supersonic flight training areas for
optimum mission accomplishment. Supersonic flight airspace presently
available and appropriate foe) 388 TFW training is limited to a single
airspace designated as "Southern Supersonic Flight Airspace" in Figure 2.0.
This southern supersonic air;3pace is approved for low altitude operation
with a base altitude of 5,000 feet AGL and is located over DoD owned,
restricted land areas. This airspace is heavily used by tactical units
conducting operationnal tCrain:,ng with fIhe tyXarrf Bcueo t
size and the large amount of restricted land area lying below, this southern
supersonic flight airspace also receives the bulk of the special exercise
sorties, the research and development programs and the F-16 air-to-ground
sortie$ (44 per day, )45 percent of the total sorties).

Air Force Regulation 55- 3 4 permits specific supersonic operations above
30,000 feet MSL. Sonic boom.i from this altitude are not considered
significant because the impaot of sonic booms normally decreases as the
aircraft altitude increases and not all boc is reach the ground. However, to
maintain realistic training conditions, tactical fighter aircraft must
generally operate and train in the air regime below 25,000 feet MSL. The
airspace identified in Figur3 2.0 as the "Northern Supersonic Flight
Airspace" is an Air Traffic Control. Assigned Airspace Area (ATCAAA) between
39,000 and 50,000 feet MSL specifically identified for the flight testing of
aircraft that have received depot maintenance at Hill AFB. Supersonic
speeds are a routine part of this flight testing. Teohnically neither this
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airspace nor any other ATCAAA airspace above 30,000 feet MSL require the
"supersonic flight" designation to be used as such; but since this
particular airspace is used routinely at supersonic speeds, it is often
referred to as a supersonic flight airspace. The proposed action is
requesting supersonic flight designation from 5,000 feet AGL all the way up
to 58,000 feet MSL.

Also, shown in Figure 2.0 is a 100 nautical mile (NM) radius from Hill AFB
identified as the F-16's optimum training range. The 100 NM distance is the
practical training limit for the two seat version of the F-16 when it is in
a clean configuration (no external fuel tanks). This version of the F-16,
designated the F-16B, is used extensively for new pilot training at Hill
AFB. The single seat F-16 has a larger fuel capacity than the F-16B, but
like the F-16B, normally performs air-to-air training sorties in a clean
configuration. Therefore, for an air-to-air training airspace to meet all
of the 388 TFW's requirements, one factor is that it be within or close to
the 100 NM limit. However, this practical distance limit is extended
somewhat for the single seat F-16. The greater distance the training area
is located from the optimum train-ng range, the less tiae and fuel is
available for actual training maneuvers unless a refueling tank is used.
Routine inflight refueling is considered impractical because the large
number of sorties involved would require several tankers and the added cost
and fuel consumption would bo significant. If the training range radius
shown in Figure 2.0 were extended in all directions from Hill AFB there
would be no restricted airspace or MOAs available other than those already
dpicted. Although Outside 1t•e 100 NM radiub, the Gandy Range Extension is
being proposed as a superson:c flight airspace because it is close enough
that the extra distance is considered an acceptable trade off when compared
to the alternatives.

1.2.2 The 419 Tactical Fighter Wingi

it should be noted that the 419 Tactical Fighter Wing (TFW) located at Hill
AFB is also a part of TAC and is assigned 18 F-105 aircraft. The 419 TFW
also uses UTTR airspace, however, they are relatively small in size compared
to the 388 TFW (18 versus 102 aircraft) and their training scenarios do not
normnally include supersonic npeeds. The 41- T., .... present training
operations can be roughly broken down into 15 percent for air-to-air and 85
percent for air-to-ground. The air-to-ground sorties are performed
predominately in R-6404 (see Figure 1.0), north of existing or proposed
supersonic flight airspace. The air-to-air sorties are performed in the
same areas as are 388 TFW air-to-air sorties; but since they do not usually
involve supersonic speeds, they are not included in the UTTR's present
requirements for supersonic flights. The 419 TFW is now scheduled to
replace their F-105 aircraft with the F-16 aircraft. The details of this
conversion is addressed further under section 2.1.4.

1.2.3 Special Tests and Exercises:

The range area is already receiving very heavy usage. To support this fact,
the monthly ra ge activity report for June 1982 shows 3,770 aircraft sorties
being flown in the range area. Of this number 3,226 were flown by tactical
units conducting operational training. Not all of these sorties exceeded
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the speed of sound, but because of tactical target requirements combined

with supersonic flighZ requirements, most had to be scheduled in the

southern restricted airspace. One of the highest single day activities

occurred during a past TAC Red Flag Exercise when 164 low level sorties

involving supersonic flight were flown. This is a much higher sortie rate
than can be accommodated witn normal air-to-air sorties. The Red Flag

training scenarlos involve large groups of opposing aircraft while the

normal ain-to-air sorties accomplished within the UTTR involve much smaller

groups of opposing aircraft or even one-on-one type training. In 1978 TAC
conducted four Red Flag Exercises on the range. Each of these exercises
involved composite missions of 50 to 60 aircraft simulating realistic air
combat and lasted about 28 days. All Red Flag missions are scheduled in
supersonic flight airspace. As indicated before, with AFSC taking over
managerial duties for the range, test activity has increased. As an example
of new missions which might use the range, project managers for the Advanced
Medium Range Air-to-Air Missile (AMRAAM) and the Advanced Strategic Air
Launched Missile (ASALM) have conducted site surveys on the range for the
feasibility of supersonic flight test operations.

The southern portion of the UTTR now has the only low level supersonic
f"ight airspace readily available to tactical aircraft based at Hill AFB and
it is located entirely over DoD restricted land area. This land area also
contains many tactical ground targets used for air-to-ground training. As
would be expected, these targets must be located in restricted land areas.
A conflict sometimes arises ghen air-to-air and air-to-ground missions are
required to be scheduled at the same time and must compete for the same
airspace. Although the air-to-ground training can usually be scheduled
below air-to-air flights, when a conflict does arise, the air-to-air
training will often lose out since ground targets cannot be moved. The air-
to-air training will have to be scheduled for adjoining airspaces that are

not located over restricted land areas. However, whenever this occurs the
viability or realism of thesa air-to-air training missions are seriously
degraded, particularly for tie F-16, because no low level supersonic flight
airspace is available in these adjoining airspaces.
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II. DESCRIPTION OF PROPOSEE ACTION A'D) ALTERNATIVES:

2.0 General:

For optiumum combat capability, the 388th Tactical Fighter Wing will require
additional airspace, approved for supersonic flight, capable of handling up
to 1169 sorties per month including an estimated 1050 with supersonic
speeds.

2.1 Description of Proposed Action:

2.1.1 Proposal:

The proposed project provides for the establishment of an additional area of
supersonic flight west of the existing southern supersonic fl-ght airspace.
The majority of the airspace being s3ught for supersonic flight is now
designed azi the Gandy Range Extension and the remainder is adjacent to the
cast-central portion of the Gandy Range. The Gandy Range Extension is now
an established Military Operations Area (MOAT from 100 feet above ground
level (AGL) to 18,000 feet above mean sea level (MSL), and an Air Traffic
Control Assigned Airspace Area (ATCAAA) from 18,000 feet MSL to 58,000 feet
MSL. The adjoining portion is currently within airspace restricted for
milltary operations from ground level to 58,000 feet MSL. Subsonic aircraft
training is currently conducted in this airspace of concern, which overlies
the Utah-Nevada border and mare specifically, overlies western portions of
------- .......--- d -Ii---d Co M tand----------o--- ............

White Pine Counties in Nevada as shown in Figure 4.0. The Air Force
proposes to conduct aircraft training in this same airspace that will
include supersonic speeds, bat only when operating above 5,000 feet AGL.
The valley areas beneath the airspace are at approximately 5,000 to 6,000
feet MSL. Over these areas the 5,000 feet AGL minimum can be translated to
10,000 to 11,000 feet MSL.

The majority of the training will be conducted by the 388 Tactical Fighter
Wing (TFW) stationed at Hill Air Force Base (AFB), Utah, using the F-16
aircraft. Although other type aircraft may participate in training
exercises within the n,-nnnQ.a1 alrnnaoe, their 1-- q~ e't JMr t Ad t.n hp I a.q'n
than 10 percent of the F-16 isage. Because of their shape and size, other
aircraft may create sonic booms of greater intensity, but since a vast
majority of the aircraft traLning involving supersonic speeds will be by
F-16 aircraft, characteristi-+s of this aircraft will be used throughout this
document to evaluate the impact of the proposed action.

It is estimated that under tne heaviest scheduling conditions 850 to 1050
aircraft will go supersonic per month within the additional supersonic
flight airspace. All supersonic flight activity will be logged on Air Force
Form 121 in accordance with Air Force Regulation (AFR) 55-34. All flights
will be conducted in visual beteorological conditions (VMC) during daylight
hours. Ncrmally, the aircraft will remain at supersonic speedsn for only
short periods of time (averaging about 15 seconds) while maneuvering.
Previous Air F )rce operatioral experience with the F-15 indicates the
aircraft were supersonic 2.M times per sortie with less that one third (0.3)
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of the booms created propagating to the ground. Since the F-15 and F-16 use
similar air-to-air training scenarios and are similar i•Ishape, the results
of the F-15 will be used for the F-16 in this document. Therefore, assuming
21 or 22 operational. days each month, there will be 100 to 125 booms created
per day within the proposed supersonic flight airspace under full use and
the ground beneath the airspace, approximately 3,030 square miles, would
probably be subjected to only 30 to 38 booms per flying day.

The figure of 850 to 1050 aicraft going supersonic per month in this
airspace is the maximum anticipated. Existing supersonic flight airspace
over DoD property in Utah can handle a portion of the training requirement
and will be used to the full,3pt extent possible. if any F-16 sorties are
accomplished over DoD property, the number accomplished in the proposed
supersonic flight airspace will decrease accordingly. However, the airspace
over restricted property is used heavily for daily training involving ground
targets. Also, this area is normally scheduled for special exercises and
developm:mnt tests which are occurring on an increasingly frequent basis.
Therefore, should the proposed airspace be approved for supersonic flight
training, it is anticipated -hat ?.pximum usage will occur frequently.

2.1.2 Background of Pro osed Supersonic FlightAirspace:

The Gandy Range Extension po tion of the proposed supersonic flight airspace
was established as a subsonic flight MOA from 1500 feet AGL to 18,000 feet
MSL. in 1976. However, the mLlitary had been using this airspace prior to
thin action. Air Forcc flying aization tatiuied aL Hill AFB had been
performing low level intercepts, air combat maneuvering, air refueling,
aerial reconnaissance and close air support tactics in this area for a
number of years prior to 1975. It was established as a MOA so that the area
would be charted on enroute low altitude and sectional charts to warn low
altitude traffic of the possibility of activity. Because of operational
training requirements, the base altitude of the MOA was lowered to 100 feet
AGL on 23 March 1978. The ATCAAA altitude extends from 18,000 feet MSL. to
FL580, approximately 58,000 feet MSL.

The remaining portion of the proposed supersonic flight airspace is airspace
that has been restricted for military usage since the crly 10410s. IIt has
been used heavily by both Army and Air Force aircraft as they approach and
depart ground targets located within the DoD land to the east. It has also
been used extensively for flight maneuvers and air combat training. The
altitude of this restricted airspace extends from ground level to FL 580.

The proposed supersonic flight airspace, located over the Utah-Nevada
border, haa boundaries as depicted in Figures 4.0 and 5.0. A detailed
geographic coordinate/map description is provided in Appendix A. The
airspace has complete radar coverage down to 15,000 feet AGL from the 299th
Communications Squadron's radar antenna located on a 9,300 foot mountain
south of Ogden. Much of the airspace below 15,000 feet AGL is also covered
by radar from an antenna located at Wendover. It will provide coverage over
the northeast portion of the proposed airspace and much of the airspace
between 5,000 ai d 15,000 feet AGL in the central portion. But, because of
the mountainous terrain, radar coverage below 15,000 feet AGL is 14'-ited in
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the southern portion that lies within the Gandy airspace. There is a
proposed radar modernization project that will locate a "gap filler" radar

site at Tippett, Nevada, whioh will complete the airspace's radar coverage

between 5,000 and 15,000 fee; AGL and lower. Funds have not yet been
approved for this project, so it is not known when it will be constructed.
At the present time, 1986 is looked at as an optimistic completion date.

When in airspace with radar coverage, a flight that drifts toward the edge

of the supersonic flight airspace will be warned by the 299th Communications

Squadron over UHF radio. As a backup, flight leads will use ground
references combined with the F-16's Inertial Navigation System to remain
wlthin the area. As shown in Figure 1.0, the proposed supersonic flight
airspace is adjacent to and partially within an existing restricted
airspace, much of which is located over Department of Defense property that

makes up part of the land area of the UTTR.

Because of it's location, the proposed supersonic flight airspace is used
extensively by aircraft moving into and out of ground target and air combat
training areas within the inner portions of the UTTF. It is estimated that
70 to 80 percent of the aircraft performing training in the southern portion
(that portion south of Interstate Highway 1-80) of the UTTR pass through
some part of the Gandy Airspace during their mission. Many of these ingress
and egress type operations occur beneath the altitude proposed for

supersonic flight, but all will continue whether or not the proposed action
is ultimately approved.

2.1.3 Training in the Propelled Supersonic Flight Airspace:

The airspace under consideration is presently used for 200 to 300 subsonic
flight sorties per month. (This does not include the aircraft passing
through this airspace to reach some other designated training site.) The
following is a description of the flight operations conducted within this
airspace by the 388 TFW. The F-16 training programs have been developed
after careful analysis of previous experiences and known and postulated
adversaries. All flight training programs are designed to provide
participating pilots with the most demanding and realistic combat training
possible.

2.1.3.1 Transition Training:

Tranaition training is the initial aircraft familiarization phase for pilots
transitioning from other aircraft such as the F-4 to the F-16. It is the
first phase of tactical training and provides the pilot with basic skills,
proficiency and knowledge in the operations and handling charpcateristics
of the new aircraft. Transition training is presently conducted in the
airspace being proposed for supersonic flight with flights consisting of two
aircraft restricted to subsonic airspeeds. By operating in the subsonic
flight regime only, pilots are denied valuable training experience in
exploring the performance and handling characteristics of the aircraft as it
exceeds and comes back down througn the speed of sound. Because of its
on-board compt•er, the F-16 performs these maneuvers differently (from a
pilot's standloint) than most other fighter aircraft in the Air Force
inventory. Effective training is further degraded because a great deal of

13



the pilot's attention must be devoted to restrioting the aircraft to
subsonic airspeeds. Since pilots must continually reference the cockpit
airspeed indicator, concentration on the specific mission learning
objectives is impeded.

2.1.3.2 Basic Fighter Maneuvers:

After completing transition training, pilots enter the basic fighter
maneuver stage of air-to-air training. Flights consisting of two aircraft
practice standardized offensive and defensive maneuvers both singularly and

in combination. Pilots develop the aerial skills, judguent, and weapons
systems knowledge to effectively fly their aircraft in the three dimensions

relative to an airborne adversary--the objective being to maneuver the

aircraft efficiently to negate a potential threat while achieving a position

of advantage for simulated weapons launch. This training is conducted at

altitudes from 15,000 MSL to the top of ATC assigned airspace. Although

supersoric airspeeds are required to optimize training within this airspace,
airspeeds are currently restricted to the 150 knots to .99 Maah range. This
stage of training is the pilot's first exposure to the three dimensional

aerial arena. The establishment of tactically sound habit patterns,

proficiency, and familiarity with aircraft performance characateristies is

critical to the success of mare complex future training. In addition to the

training distraction caused by monitoring the airspeed Indicator, the lack

of experience in the supersonic flight regime impairs the accomplishment of

realistic and tactically sound training.

2.1.3.3 Air Combat Tactics Training:

In Air Combat Tactics Training, pilots sharpen their tactical employment

skills while developing new and innovative combat tactics. Air combat

tactics require a comprehensive training profile designed to insure the best

possible tactical employment of flights consisting of more than one

aircraft. Easic Fighter Maneuver training pits the individual pilot against

a designated adversary. Air Combat Tactics, however, concentrates effective

employment of up to four air.,raft as tactical partners or as a team to

maintain offensive and defensive mutual support. Sophisticated radar and

visual idenlirication syste a re employed at long-rarngc ^ "orr'I" at a

visual close-in, three dimensional air-to-air engagement (dogfight).

Currently, airspeeds are restricted to subsonic in this airspace. Realistic

and tactically sound Air Combat Tactics training in the area is severly

degraded because of tnis speed restriction. As previously stated, reference

to the airspeed indicator becomes a training distraction, and there is no

opportunity to practice tactics and establish habit patterns during

supersonic flight -- the employment regime required for wartime

survivability.

2.1,3.4 Dissimilar Air Combat Tactics:

Pilots in Dissimilar Air Combat Tactics training employ air combat tactics

against simulated adversaries using various types of aircraft such as the

F-5, F-4, or A-7. The objective of the training is to provide each pilot

with experience against Navy and Air Force Fighter aircraft vhich closely

resemble specific Soviet mace aircraft in size, performance, and tactical
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capabilities. Flight size varies from four to eight aircraft with airspeed
and altitude parameters the s3ame as Air Combat Tactics training. At
present, this training is conducted above the DoD owned lands of the
southern range so that supersonic flight can be achieved during the
engagements.

2.1.4 Quantities of Proposed Training:

The 388 TFW's full complement of F-16 aircraft generates 2125 sorties per
month. Of these, 55% (1169) will be sorties involving air-to-air weapons.
Ninety percent of these 1169 sorties (or 1050) will actually involve
supersonic flight; however, for optimum training capabilities all air-to-air
sorties should be flown in airspace where supersonic flight is allowed.
Airspace now approved for supersonic flight will handle a maximum of 450 of
these air-to--air sorties. This capacity should not change in the future and
the testing and training activities that occasionally override the
airspace's ability to support these air-to-air sorties should also continue
in the future. Range planners estimate a mirimum of three large scale
tactical exercises (such as the Red Flag exercise mentioned earlier) will be
scheduled for the UTTR each year with an additional 2000 sorties per year
requiring airspace approved for supersonic flight. These sorties will
nonTially be scheduled for the existing supersonic airspace over DoD land and
will decrease the number of :388 TFW sorties that can be scheduled there.
With the advent of more sophisticated, longer range projects in the future,
an increase in UTTR usage is expected from research and development
projects. Examples are the B-i Penetration Bomber, the ALCM (Air Launched
Cruise Missile - continued testing), the GLCM (Ground Launched Cruise
Missile), the WAAM (Wide Area Antiarmor Munition), the ASALM (Advanced
System Air Launch Missile), and the AMRAAM (Advanced Medium Range Air-to-Air
Missile).

It is anticipated that future operations will continue such that existing
low level supersonic airspace (south range) will accommodate no more than
450 of the 388 TFW's monthly air-to-air sorties. At times, scheduling
air-to-air sorties for this area will continue to conflict with special
exercises, research and deve.opment projects, and the 956 monthly F-16
air-to-ground 3ort.c., all th.... of whihc bc St,.A, fCA
over DoD controlled land. Although it has no low level supersonic flight
airspace, the northern range does consist of a considerable amount of DcD
controlled land and it is used extensively for, air-to-ground training.
However, much of the northern range is used for static testing of munitions,
airmunitions, solid propellant motors and others. The air-to-ground
training it accommodates involves most of the 419 TN's demands. It would
be impractical to except the north range to handle a significant portion of
the 388 TFW's air-to-ground workload, and as can be seen in Figure 1.0, the
DoD owned land within this northern range area is shaped such that airspace
directly above it would not accommodate much air-to-air training. Tn fact,
even if all of the airspace above DoD owned land within the UTTR were
approved for supersonic flight, there would still not be adequate space to
meet all supe:-sonic flight requirements.
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If the airspace under consid3ration is approved for supersonic flight above
5000 feet AGL, the normal moathly scheduling would consist of the maximum
use of the airspace over DoD land with the remainder going to this new
supersonic airspace. Withou: other operational conflicts, this monthly
schedule would then be, 450 F-16 air-to-air sorties in airý;pace over DoD land
alreadr approved for supersonic flight and 719 F-16 air-to-air sorties (1169
less 450) in the proposed ai-space. Since 90 percent of these sorties
normally involve supersonic flight, this translates to 405 and 647 sorties
respectively with supersonic flight. However, when conflicts arise over
scheduling operations in air3pace over DoD owned land, part or all of the
450 air-to-air sorties normally performed tnere will be moved to the
proposed airspace. When all sorties are scheduled for the proposed
airspace, the worst condition exists of 1169 air-to-air sorties with 90% of
these, or about 1050, sortie:3 involving supersonic speeds. For the purpose
of this document, 850 to 1050 supersonic flights are assumed to be worst
condition and will be used to gauge the impact of the proposed action.
Range planners anticipate that this will be a maximum loading for the
foreseeable future. The airspace could possibly handle more flights but it
is questionable whether Hill AFB could support a significantly larger number
of aircraft than at present.

As previously mentioned in paragraph 2.1.1, if the proposed airspace is used
for training involving super:3onic speeds, the entire airspace will
experience 100 to 125 sonic booms per day under worst conditions with 30 to
38 booms being heard at ground level. Table 1.0 provides the normal and
worst casc dis t rbutl.o ns fOr teair -to-air sote.Based on datla oOtaijied
by the Air Force on the F-15 aircraft, the average airspeed used during
supersonic flight periods wiUl be about Mach 1.1. With their experience in
the F-16, local pilots estimate the average airspeed during supersonic
flight is also about Mach 1.1 and the maximum airspeed normally used in
their training configuration is Mach 1.3.

An additional factor that should be considered in the area of future
operations is the 419 TFW changing aircraft. At the present time it is
programmed that this organization will replace their F-105 aircraft with the
F-16. As described earlier, the total number of sorties flown by the 419
T_.W are QmAl in nompa.3rjQfnn1.fo tthe numhbr flo ywn bythe 3.i TFW. .When the
4 19 TFW changes aircraft it :s anticipated that Yhe number of aircraft and
the volume of training may eventually increase over present levels, up to
about 24 sorties per day or 120 per week. It is also anticipated that
training requirements for tho newly assigned aircraft would diotate that 55%
of these sorties be for air-to-air sorties; all of which will probably
require supersonic flight airspace for optimum results. Therefore, assuming
the 383 TFW training requirements remain the same, these 419 TFW sorties may
increase the total number of supersonic flights out of Hill AFB by about
245.
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TABLE 1.0

SCHEDULING DISTRIBUTION FOR
F-16 AIR-TO-AIR SORTIES

Proposed Existing
Supersonic Supersonic Airspace
Flight Airspace Over DoD Land

Normal Dtstribution

Sorties/Month (Week)* 719 (166) 450 (104)

Supersonic Sorties/Month 647 (149) 405 (94)
(Week) (90% of sorties)

Booms/Month (Week) 1618 (374) 1012 (234)
(2.5 booms/supersonic sortie)

Booms Reaching Ground/Month 485 (112) 304 (70)
(Week) (30% of booms produced)

Worst Case

Sorties/Month (Week) 1169 (270) 0

Supersonic Sorties/Month 1052 (243) 0
(Week) (90% of sorties)

Booms/Month (Week) 2630 (608) 0
(2.5 booms/supersonic sortie)

Booms Reaching Ground/Month 789 (182) 0
(Week) (30% of booms produced)

* Weekly operations are obtained by multiplying the monthly number by 12
and dividing by 52. The daily operations can then be obtained by
dividing the weekly number by 5.
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The number of supersonic flight sorties to be flown in the proposed
supersonic flight airspace does not include 419 TFW sorties, but it is a
worst-case condition when considering the other training flights. For
practical purposes, the existing supersonic flight airspace should usually,
if not always, be able to accommodate at least 176 air-to-air sorties per
month and the worst-case condition of 1050 supersonic flight sorties per
month within the proposed airspace is still applicable. Also, one fifth of
the 419 TFW's air-to-air sorties will be flown on Saturdays when there
should be very little competition for the existing supersonic flight
alrspace over DoD land. It can be assumed that all supersonic flight
activities on Saturday will be scheduled for this existing airspace. Since
the 419 TFW's conversion to a more advance aircraft is only programmed at
this time and may be several years before it is implemented, their
supersonic flight requirements were not specifically included in the loading
estimate for the proposed supersonic flight airspace. But, the loading
condition being addressed was exaggerated to account for such a future
additional requirement. As long as the 419 TFW's future operations do not
significantly increase over those described earlier, the worst-case
condition assessed by this document should not be exceeded.

The 388 TFW could also fly weekends but this would do little, if anything,
to decrease the need for addLtional supersonic flight airspace. To
significantly increase the n-mber of air-to-air sorties flown over existing
supersonic flight airspace (thereby reducing the number that would
necessarily be assigned to the proposed airspace), the 388 TFW would have to
spread their !eekly number oL' sorties over a se•ven d6u- &-I- . . -

nonral five day flying week. This still would not preclude the need for
additional airspace approved for supersonic flight because the number of
sorties would still exceed the normal capacity of the existing supersonic
flight airspace. Also, and *.ossibly more importantly, there are definite
advantages to the 388 TFW flying on weekdays only: (1) they often utilize
the non-flying days to catch up on necessary aircraft maintenance; (2) the
419 TFW reservists and pilot.s on temporary duty have a more unhindered
opportunity to use the UTTR facilities on at least one day per week
(Saturdays); (3) a significant increase in weekend operations out of Hill
AFB would probably cause noi.3e complaints from nearby residents; and (4)
weekend flying would adversely im-paot the moral and weifntre of the military
families since weekends are -he best times for many family activities.

2.1.5 Locations of Proposed Training:

As might be expected, once the RAMOTS Upgrading System (MUS) tracking
equipment is installed (see :section 1.2.1), the HUS Arena will generally be
the area of first choice for scheduling air-to-air sorties. Looking at the
geography of the land area below the proposed supersonic flight airspace
(see Figure 7.0), there are generally three areas over which combat
manuevers would usually take place. This is because pilots will normally
choose valleys or flat areas to work over so they can maneuver in their
optimum elevation region (around 20,000 feet MSL) without worrying about
mountain peaks cutting down the safety buffer or depth of airspace below
them. The three areas are in the north, middle, and south of the airspace.
The north area is in the north end of the Gandy Range Extension. The middle
airspace runs north and south over the Antelope Valley area in the middle of
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the Gandy airspace. The south area is located south of the Kern and Deep
Creek Mountains. The north and middle areas would both lie within the HUS
Arena. The eastern side of the proposed supersonic flight airspace will
also increase the space available for combat maneuvers now being
accomplished over the existing supersonic flight airspace.

The existing supersonic flight airspace over the southern range will
frequently be overloaded with tests, exercises and air-to-ground sorties.
In these cases, particularly if approved for supersonic flights, the
proposed supersonic flight airspace will be scheduled for most of the 388
TFW's air-to-air sorties. With all 1169 monthly air-to-air sorties being
accomplished in the new supersonic flight airspace, it is estimated that
about 75 percent will be accomplished in airspace that is within the HUS
Arena. (This is about maximum loading for this airspace.) The remaining 25
percent would be accomplished in the southern portion of the Gandy airspace
that is not within the HUS Arena.

When existing supersonic flight airspace is not saturated with other
activities, it will handle a portion of the total monthly air-to-air
sorties. When this portion is 25 percent or more, the remaining sorties
will all be scheduled for that part of the new supersonic flight airspace
that lies within the HUS Arena and the airspace outside the HIUS Arena will
not be used. In other words, the southern portion of the proposed
supersonic flight airspace that is not within the HUS Arena will be the last
choice for scheduling air-to-air sorties. The HUS program does include a
3tudy to expanud thle upwaded HAMOTS Sites to the* south'A , .........li . ...p.
coverage for all of the Gandy airspace. However, this option is considered
too expensive to pursue at this time and there are no plans in the
foreseeable future to make this part of the HUS package.

2.2 Alternatives to the Proposed Action:

Alternatives to the use of the Gandy Range Extension and the adjoining
restricted airspace for supersonic flight training for F-16 aircraft
stationed at Hill Air Force Base are discussed below.

2.2= !No Action:

Acceptance of the No Action option would limit local F-16 supersonic
training to the existing supersonic flight area in the southern portion of
the Utah Test and Training Range (UTTR). As stated in section 2.1.5, due to
high priority national research and development projects, special exerclses
and F-16 air-tu-ground training, the UTTR supersonic flight area may
sometimes be unable to accommodate the local supersonic F-16 air-to-air
sorties. During these periods when air-to-air training could not be
scheduled for the existing supersonic flight airspace, these F-16 sorties
would require accomplishment in restricted airspace outside of DoD property
and in surrounding MOAs (including the Gandy Range Extension) where subsonic
flight restrictions would significantly degrade the conduct of realistic
tactical training.
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On F-16 air-to-air trainirg sorties sohedulec out of existing supersonic
flignt airspace, pilots would be denied required combat training in the
aircraft performance envelope above Mach 1. Mission training effectivenes-
would suffer because much of the pilots attention would be devoted to
restricting ths aircraft to subsonic speeds. Since pilots must continually
reference the cockpit airspend indicator to avoid supersonic flight, full1
concentration on the specific mission learning objectives would be
[nterrupteQ. Most importantly, with no supersonic flight training on a
large peruentage of the F-16 missions, the opportunities for pilots to
develop, practice and refine sound combat tactics and habit patterns in the
supersonic flight regime would be curtailed and combat effectiveness and
survivabilLty would be significantly reduced.

The impact of no act.on may mean that we accept a training program that is
not totally responsive to known wartime threats. If F-16 combat pilots are
to be prepared to defend the national interest of the United States, peace
time training programs must te realistic and tailored directly to expected
threats. When aircrews are required to train in a manner totally different
from that required for combat, the wartime effectiveness and survivability
of that weapons system Js de.raded. The key element missing from Hill AFB
F-16 realistic training is the capability for supersonic flight on every
daytime tactical mission. Urtil this deficit, affecting both the quantity
and quality of aircrew combat training is resolved, the 388 TFW will be
unable to maintain optimum combat capability.

222. Cf.....e- Other Are.. for S'e ' n-c- FliJetTraInin. :

2.2.2.. 1 Supersonic Flight Areas Selection Criteria:

Criteria established for evaluating additional supersonic flight airspace
for the 388 TEW are as follows:

(1) As an optimum the area should be located within 100 nautical miles
(1 15 sat.Lute miles) of HiJl AFB to minimize the time/fuel required to
transit to and from the area. Fuel consumption associated with afterburner
operation during supersonic flight air combat training is responsible for
limitlng the best distance between home station and training area to 100 We.
This 100 nautical mile criteria is applied to the F-16 training area
alternative analysis since greater distance3 would preclude a sufficient
amount of time devoted to actial supersonic flight air combat training on
each sortie. A significant reduction of training time in this manner would
severely impair the unit capability of meeting mission requirements.

(2) As required by Air Force and FAA regulations, the area should be
located in airspace transited by little commercial and general aviation
traffic and servicing limited established airports. These criteria
avoid/minimize the impact which military flight operations may have on other
airspace users.

(3) The area should be very sparsely populated so that the fewest
number of' people are affected by the noise impact resulting from suptrsonic
flight training.
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(4) The size of the area must be large enough to allow effective use of
the F-16's radar associated weapons systems. Large areas also enhance
realistic tactical training 1y providing additional airspace for adversary
aircraft to evasively maneuver to possibly avoid F-'16 radar detection.
Pilots at Hill AFB having experience with the F-16 feel that there should be
at least one horizontal dimension allowing adversaries in simulated combat a
distance of 40 to 50 miles between them. In addition, a large area for
supersonic training is highly desirable because when the aircraft operates
over a large geographic area, the booms would be widely dispersed.
Consequently, the number of booms perceived by any single area location
would be significantly reduced.

(5) Operational altitudes available for the area must be low enough to
accommodate realistic training but not so low as to conflict with effective
air route traffic control and general aviation traffic. In addition, since
ground sonic boom effects are inversely proportional to the altitude of tne
aircraft above the ground, the minimum operational altitudes must be a
compromise to allow realistic training while minimizing the sonic boom
effects on the public beneath and adjacent to the airspace.

2.2.2.2 Training Areas Evaluated for Supersonic Flight:

The only airspaces available as alternatives for the proposed action are
those MOA's and restricted airspaces making up the Utah Test and Training
Range as shown in Figure 1.0. Because of Hill Air Force Base's geographic
location. Pstqhl-qhin new airpae ,,a supersonic flight MOA was not
considered as a potential alternative. Areas north and south of Hill are
relatively high population areas and to the east are mountain ranges which
are not only heavier populated than the areas around the UTTR, but are
generally considered of more recreational value than the desert areas to the
west. These land use restraints plus conflicts with commercial airways
limit the area of study to the desert regions west and southwest of the
Great Salt Lake and Hill AFB. It should be noted that the combination of
the Gandy Range Extension and the smaller adjacent restricted airspace,
considered to be the best choice for the supersonic airspace, is located
outside the optimum 100 nautical mile range. However, it is close enough
that this was determined to be an acceptable trade-off when compared to the
considerations presented by other alternatives.

2.2.2.2.1 Lucin Military Operations Areas (West and North of R-6404): The
Lucin MOA's are located in the northern end of the UTTR as shown in Figure
1.0. This area fits the 100 nautical mile criteria better than the Gandy
Range but is less acceptable according to the other selection criteria.

This area is transited by several commercial airways and to avoid these
airways the supersonic flight airspace would be severely restricted in size
and therefore usage. Although the land area under this airspace is
definitely rural in nature (portions directly west of R-6404 consist of Salt
Flats), the areas above the desert flats probably have higher population
densities than land areas below the Gandy airspace. Besides numerous farms
and ranches, tb.s area includes the communities of Montello, Lucin, Etna,
Cobre, Grouse (reek, Rosetta and Park Valley. Amoung these, the only towns
listed with a population in either the 1982 Rand-McNally Commercial Atlas or
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the 1980 US Department oC Commence Census, were Montello with 180, Cobre
with 10, Grouse Creek with 105, and Park Valley with 35. Certain land areas
beneath this MOA have already' proven to be very sensitive to the noise
created by existing low level aircraft activity. In the past several years,
there have been noise complaints centering out of the Montello, Nevada and
Park Valley, Utah areas. There has even been alleged damage to chicken
ranching reported from the Montello area. Also, pilots stationed at Hill
generally Caeel the topography. of this area does not lend itself to air
combear maneuvers as well as does Gandy. Pilots will occasionally use
mountain.u or mountain ranges for "masking', purposes before the actual
air-to-air intercepts occur. Also, this airspace is not as appropriate as
the proposed airspace for intercepting flights staging out of Michaels Army
Air Field at Dugway oo out oi" Nellis AFB at Las Vegas. In addition, none of
tills airspace can make use of the elaborate tracking equipment which will
make up the }rJS Arena described in section 1. 1 .2. Even the Gandy Range is
not totally within the HUS Arena, but because a good portion of it is, more
of the Arena can be used to its fullest capability. Also, with ill of the
proposed airspace being in or adjacent to the Arena, the Arena can be
oclheduled heavier becatuse overflow can be handled in airspace that does not
require additional fuel to reach. Because it is estimated that there are
more residents beneath this airspace than the proposed airspace, there
appears to be no significant environmental advantage to this alternative.

2.?.2.2.2 Restricted Airspa'ce R-6404: This restricted airspace meets all
the selection criteria exceot, size. Commercial airways border the north an,
the south sides of this airspace and air-to-ground training tied to the DoD
property below further restri.ct the airspace that might be used. This
airspace is small to begin with; when the size is further reduced by
conditional restraints it becomes unacceptable.

2.2.2.2.3 hestricted Airspaces E-6402 and R-6405: Together these airspaces
meet the selection criteria; separately they become prohibitively small.
However, constraints in these areas do reduce them to an unacceptable size.
The west.ern edge of R-6402 iti part of the UTTR already approved for
sitpersonic activity and would provide no additional carrying capacity. The
northern portion is over DoD land operated by the U.S. Army. This portion
of land contalns numerous land targets as well as Michaels Army Air Field
arid Dugway. Usage of this land area r jtricts it erom consideration for
supersonic flight airspace above. Also Fish Springs National Wildlife
Refuge is located below the border of E-6402 and R-6405 as well as a
historlbal Pony Express and 2tage Route nich leads to Callao and which has
several. historical sites. ALthough no damage would be expected, these areas
would be subjected to sonic booms under this alternative. In addition, none
of this airspace can make use of the elaborate tracking eqoipment which make
tip the HUS Arena depicted in Figur 3.0. If the area of Dugway and Michaels
were avoided, this alternative wouid appear to impact less residents, but
operationally, the airspace 2ould not take Lest advantage of existing
facilities and would not be Aarge enough to accommodate the daily training
load.

2.2.2.2.4 Sevier Military Operations Areas: These MOAs are located east
and south of R-6402 and R-6405 as shown in Figure 1.0. The narrow strip to
the east is above or near several populated areas including the housing area
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for Dugway Proving Grounds and would be inappropriate for supersonic
activity. The southeast side is not only adjacent to the populated area of
Delta, Utah, bit it borders heavily used commercial airways between Southern
California and Salt Lake City. The bulk of these MOAs is located directly
south of R-6405. Much of it is about the same distance from Hill AFB as is
the outer most corner of the Gandy Range, but the southern edge is even
further away. The Gandy Range is ocnsidered to be about the maximum
distance away to still be practical for daily air-to-air training sorties
with the F-16. Any further distance would necessitate very short air-to-air
training, wing tanks for extra fuel or inflight refueling; none of which
are considered desirable for daily air-to-air training. Therefore, the
southern portion of the Sevier MOAs would probably be unusable for all
practical purposes and the airspace available would be cut in size.

Another advantage Gandy has aver the Sevier MOAs is that approximately twice
per week a KC-135 refueling tanker is available in the area of B-6406/6407.
These tankers provide infli4gt refueling training and can be used to extend
training times. This capability would be particularly beneficial to the two
seater version of the F-16 tiat does not have the fuel capacity and range of
the single seater. The refusling track lies close enough to the proposed
supersonic flight airspace tiat both types of training (refueling and air
combat maneuvering) can be accomplished in the same sortie going there.
Joint usage would be difficult with sorties going to the Sevier MOAs.

2. P..3 Use of Distant Supersmnic Flight Airspaces:

Since there are a number of locations within the United States where
supersonic flight training is conducted by other units, one option
considered was joint use of that airspace by the 388 TFW and the managing
unit. The closest such airspace to Hill AFB is the Nellis AFB Range Complex
which is located north of Laa Vegas, Nevada, approximately 320 miles
southwest of Hill AFB. Due to the distance from Hill, the most practleil
alternative for utilization of this airspace would involve deploying a unit
to Nellis AFB for supersonic flight training. Before examining the
advantages and the disadvantages of a satellite operating location, the
a.railability of area time for Hill usage of the Nellis Range complex must
*,*....4 Cý,r 'A jera4 Th NeJ.1 r4 -.a... 4rzp a is usedr extensive!-1 to
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support mission training reqiirements of combat ready flying units
permanently stationed at Nellis AFB.

Additivnally, because the ai-space is large, supersonic flight certified,
and has minimum operation restrictions, it provides invaluable tactical
training for aircrews participating in Tactical Air Comiand Exercise Red
Flag. This on-going training exercise allows combat ready pilots from units
located throughout the United States to periodically deploy to Nellis AFB
and practice, evaluate and refine combat tactics in a simulated, but very
realistic, wartime environment. The continual scheduling demand for Nellis
range airspace by the Red Flag training exercise and the flying units
stationed at Nellis results in near 100% usage of the areas during the
daylight hours. Although 388 TFW pilots use the airspace on a short-term
basis while parl Lcipating in the Red Flag exercise, any long-term shared use
of the areas is not considered feasible due to existing airspace usage,
travel cost and expense to support a satellite operation. If adequate
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shared use time was available on the Nellis Range complex, the Wosts
associated with temporarily deploying squadrons there for supersonic
training would be substantiaL.

Other supersonic flight airspaces are located at various places in the
United States. Temporary deployment of portions of the 388 TFW to these
locations would improve supersonic flight training capability, but the
operational practicality and cost effectiveness of such an alternative are
quentionable for the following reasons. To avoid the prohibitive expense of
maintaining a complete on-site parts inventory, replacement aircraft parts
would be maintained at Hill and transported to the operating location when
required. In addition to increased transportation cost, the time delay in
getting patrts from Hill would reduce aircraft in commission rates at the
operating location. With a portion of the wing deployed away from Hill on a
long-term basis, the wing's quick reaction deployment posture would be
seriously degraded. In the event the wing was tasked to mobilize for rapid
worldwide deployment, critical time would be lost by not having a
significant portion of the w'.ng resources at home and immediately
available.

The adverse impact, on the moral of Air Force personnel required to support
this alternative is another factor which must be considered. While deployed
to the operating base, families of opera'Aions and maintenance personnel
would have to remain at Hill. The necessity for family separation is
accepted in the military; however, the validity of forced family separation
to accomplish supersonic flight training at a satellite location when that
training could be reasonably accomplished in areas nearby Hill would be
seriously questioned. If tho alternative was implemented, to lessen the
resulting family separation nimpact, the deployed portion from Hill would
probably rotate personnel to serve a maximum of 60 days at the temporary
operating basis. An additional factor relating to satellite base operations
must be considered. Deployed operations would increase the number of
takeoffs and landings at the satellite operating base, resulting in an
increased noise impact on populated areas near the base.

Utilizing distant supersonic flight areas would require either inflight
refueling or temporary deployment to a satellite operating base. Inflight
refueling could extend the distance traveled per sortie, but because of the
number of sorties involved p.r day, several refueling aircraft would be
required. Additional fuel consumed by the F-16's and the refueling aircraft
would be significant especially in this era of high fuel costs and low fuel
availability. Deployment of aircraft to e satellite operating base would
involve the temporary relocation of a significant number of pilots and
maintenance personnel on a rotating basis. This would also be at great
additional expense to the Goverment. Although to some degree practical for
short-term operations, on a iong-term basis, shared use of distant
supersonic areas in lieu of establishing local supersonic flight areas is
cost prohibitive and detrimental to the rverall accomplishment of the Air
Force mission.
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2.2.4 Relocate the 388 TFW:

In the environmental evaluation for the beddown of the F-16 aircraft at Hill
AFB, 89 bases were evaluated as alternative locations. Hill was considered
to be the optimum location for the F-16 airiraft beddown based on the
following criteria:

(1) Suitable air-to-air!air-to-ground ranges located in close
proximity.

(2) Availability of supersonic flight airspace over sparsely populated
areas.

(3) Beddown without relocation of existing mission/missions. To avoid
excessive facility and relocation costs, the beddown of a weapons systems
should avoid the requirement for a double move or locating two wings on one
base.

(4) Existing base support facilities requiring only limited new
construction to accommodate F-16 training/operational requirements.

(5) Minimum adverse environmental impact. A beddown site should be
selected which keeps adverse impacts on the environment to a minimum. Air
and noise pollution, urbanization of the area around the base, civil and
general traffic and the capability of the base and surrounding communities
to ac..pt a change In population are f-Sat-- ..... -- -

It is the Air Force's contention that Hill AFB is still the optimum location
for the 388 TFW and its F-16 aircraft. The economics have now shifted even
more in favor of Hill since facility construction and modification have
already taken place to accommodate the F-16 mission. Although the
construction and modification cost about $10 million, the 388 TFW is now
assigned about 617,000 square feet o! facility space at Hill that has an
inventory value in excess of $35 million. It is unlikely that any other I
installation could meet this type facility requirement without starting a
chain reaction of existing mission relocations.

Relocating the 388 TFW would also have an adverse impact on the economy of
the Hill AFB vicinity. An oo March 1983 the 388 TFW had an annual payroll
in excess of $47 million. Although this payroll goes almost entirely to
milit~ry personnel, a sizeable portion of it can be expected to filter into
the area economy. Relocating the 388 TFW without a similar replacement
mission would leave a noticeable gap in various market places such as
housing and retail stores around Hill AFB.

?.2.5 Change the Geographic or Vertical Limits of the Proposed Supersonic
Flight Airspaces:

An alternative to be evaluated is changing the area boundaries or vertical
working altitudes so that certain ground locations are removed from
supersonic ove flight. The following paragraphs address the ramifications
of geographic area boundary and vertical altitude changes.
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2.2.5.1 Geographic Boundary Changes:

The first option in terms of area boundary change involves increasing the
sLze of the area so as to disperse the effects of sonic boom activity over a
larger area. Although this would expose more people to the sonic boom
activity, any specific location should encounter fewer sonic booms dtie to
the dispersion. No area expansion is possible to the north because of the
town of Wendover and existin.j commercial airways. Any expansion to the
south would encompass the Mount Moriah area (identified as a sensitive area
In section 4.3.2) and would put the supersonic flight airspace closer to the
community of Baker plus putting more of the area further away from the
optimum 100 nautical miles from Hill AFB. Expansion to the west appears
feasible, but again, this woild be expanding the airspace in a direction
further from Hill AFB and it would place supersonic flight activity closer
to the communities of Currie, McGill, and Ely. The area to the east of the
north end of the proposed airspace is already airspace approved for
supersonic flight. The remaining airspace to the east is already airspace
restricted for military usage and has been addressed in the section
discussing alternate locations.

The second geographic charge option would be to reduce the size of the area
so as to remove certain populated areas from the supersonic flight training
area. Imposing area restrictions is preferable over a complete relocation
of the area boundaries so that existing airspace, although for subsonic
speeds, remains useable. However, the land area involved Is so rural in
nature that it would be difficult to find any areas of concentrated
population to avoid. The place where the largest portion of the area's
population is known to exist is the Goshute Indian Reservation which
surrounds the community of Goshute. Even here, the population appears to be
distributed throughout the reservation. Because it is located adjacent to
mountains, the town of Goshute is not beneath one of the supersonic activity
ellipses described in section 4.1.2.2.1 and shown in Figure 8.0. However,
the northwestern boundary of the Reservation is beneath the middle ellipse.

If a 5 or 10 mile supersonic flight restriction were placed around the
Goshute lndian Reservation, ;he frequency of sonic booms perceived within
that area would be reduced. This option would, however, severely restrict
the F-16 operational trainin; capabilities in the area since it would make
it umrealistic to operate over the Antelope Valley and still maintain an
appropriate working distance from the area at the north end of the Gandy
Hange Extension. The training airspace over Antelope Valley will be located
as far north as possible but, because of the working distance requirements,
the northwestern portion of the Goshute Indian Reservation will probably be
impacted by the noise from sonic booms. To decrease the amount of airspace
available in this central portion of the Gandy MOA would preclude the
realistic deployment of the F-16 weapons system there. In addition, if the
supersonic flight training area size was reduced in this manner, the people
located beneath the remaining sections of the area could expect increased
sonic boom activity.
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2.2.5.2 Vertical Altitude CYanges:

The perceived effects of sonic booms are directly related to the altitude of
the supersonic aircraft. As the aircraft's altitude above the ground
increases, the resulting sonic boom noise and overpressure effects
decrease. The higher the minimum altitude, the less impact supersonic
flight will have on the public beneath the airspace. This relationship
along with the training requirements of the F-16 were considered in
establishing the minimum operating altitude at 5,000 feet AGL. The training
scenario for F-16 air-to-air combat maneuvers calls for a floor of 5,000
feet AGL. This gives the aircraft an adequate safety buffer from the ground
but still allows the aircraft to fly at elevations where experience is
required for realistic training. It is estimated that most sonic booms will
be created at about 15,000 feet AGL. If the airspace below this level was
significantly restricted more than by the 5,000 foot minimum, pilots would
be forced to employ the aircraft in higher altitude regimes where low air
density causes reduced engine/airframe efficiency and decreases the maximum
performance of the aircraft. Although operation at altitudes above 30,000
feet MSL is tactically sound during the initial intercept phase, as the
engagement progresses into a three dimensional "dog fight" all participants
must decrease altitude to utilize the maximum acceleration and turning
performance of their aircraft.

2.2.6 Summary:

No action to increase the quantity of supersonic flight airspace will
restrict realistic training and the wartime effectiveness and survivability
of F-16 aircrews cannot be optimized. Due to high priority national
research and development projects, special exercises and F-16 air-to-ground
training, the existing UTTR supersonic flight airspace will frequently be
unable to accommodate the 388 TFWs F-16 air-to-air sorties. Existing
restricted airspaces or MOAs making up the UTTR or new areas within 100
nautical miles of Hill AFB are not considered feasible alternatives for
supersonic flight training. As compared to the proposed airspace,
alternatives for supersonic flight training areas would result in a negative
impact on existing military usage, commercial/general aviation traffic
an/,or would expose signifleantiy more people to sonic boom activity.

The capability of sharing supersonic flight airspace managed by other units
is limited by the transite distance required to obtain this training.
Excluding the UTTR, the nearest supersonic flight airspace is 320 miles from
Hill. To obtain the same area training time per sortie, as do sorties to
the Gandy area (23 minutes), costly inflight refueling and long F-16 transit
operation would be necessary to support this alternative.

The costs, degraded quick reaction deployment posture, and operating
limitations resulting from deploying a squadron to a satellite location for
shared use supersonic flight training are unattractive when compared to
local operations within the proposed supersonic flight airspace.

Because of the )perational and environmental suitability of the proposed
airspace, it appears that supersonic flight training would impact that area
the least of any area considered. Relocation of the 388 TFW is considered
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impractical because of the desirable attributes of the Hill location and the

excessive costs required to move and set up operatl.ons at another base,

aside from the economic impact on the local coomunity.

Changing the geographic or vertical dimensions of the proposed supersonic

flight airspace would severely restrict F-16 realistic training

opportunities in this area. If the geographic size was reduced, the public

beneath the adJusted area boindaries would be exposed to more concentrated

sonic boom activity as a result of the smaller operating airspace. Raising

the minimum supersonic flight altitude above 5,000 feet AGL would degrade

realistic air combat training in the area. If the floor of the airspace

were raised an additional 5,0)00 feet or more, training would be seriously

degraded because it would have to be accomplished at altitudes that would

not represent actual combat situations. If the floor were raised to

somewhere between 5,000 and 10,000 feet AGL, training would suffer because

the lower altitudes were not available as a buffer.

The alternatives that will raceive additional consideration in section 4

include no action, other airspaces within the UTTR and vertical dimension

changes to the proposed airs-ace. The other alternatives identified in this

section are considered to be either economically impractical or too

degrading to the 388 TFW's deployment posture to receive additional

attention.
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III. AFFECTED ENVIRONMENT:

3.0 General:

The proposed supersonic flight training airspace overlies western portions
of Tooele, Juab and Millard Counties in Utah and eastern portions of Elko
and White Pine Counties in Nevada. Its horizontal limits are the same as
those of the existing Gandy MOA/ATCAAA plus the space between the Gandy
MOA/ATCAAA and the existing southern supersonic flight airspace to the
east. Refer to Figure 6.0 for specific county boundaries beneath the
airspce. The majority (estimated at 70 to 80 percent) of the land area
beneath the proposed supersonic flight airspace is public and under the
jurdisdiction of the Bureau of Land Management. The exceptions to this are
the Goshute Indian Reservation, small scattered parcels of private land and
those state lands acquired from Congress for the development or benefit of
state institutions.

3.1 Existing Site Characteristics:

3.1.1 Population:

The area is very sparsely populated, with an estimated total of less than
350 people residing within the boundaries. Maps of the area beneath the
proposed supersonic flight airspace show the towns or communities of
Goshute, Trout Creek, Partoun, Gandy, Ibapah and Gold Hill in Utah, and

ippatt a v-f--'Aa in -evada. The orly towzz• l....ed with a populaton in
either the 1982 Rand-McNally Commercial Atlas or the 1980 U.S. Department of
Commerce Census were Trout Creek with a population of 15 and Iabpah with a
population of 25. Tippett and Uvada were listed but were identified as
rural areas with no populations given. Neither reference had populations
for Goshute nor the Goshute Indian Reservation; however, Utah's Indian
Affairs office estimates the Reservation population at about 150 people.
There are scattered ranches in the area beneath the airspace, primarily in
the southern portion, but none of the populated areas are considered more
than rural. The towns of Mc~ill (population 1,900), Currie (population
unlisted), Wendover (population 1,099), Callao (population 19), and Baker
(npopull-at'ion 50) are located outside of te are.- bou.daries • se FlgurO
6.0).

3.1.2 Topography:

The land area below the propased supersonic flight airspace is located in a
area of the Wr itern United States often referred to as the "Great Basin"
which is within the site of the ancient Lake Bonneville. As part of this
basin, it resembles most of the other parts of Nevada and Western Utah in
having high mountain ranges running north and south, cut by narrow valleys.
There are no large bodies of water in the area beneath the airspace; the
water syst.em being confined to mountain streams and small lakes. The ranges
and valleys within the area are shown in Figure 7.0. The largest valleys
are Antelope Valley and Deep Creek Valley. The area also contains the
Goshute Mountai is, the Antelope Mountain Range and the Deep Creek
Mountains. Th ; highest mountains in the area belong to the Deep Creek
Range rising 7,800 feet above the Great Salt Lake Desert on the east to a
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maximum of 12,109 feet MSL on Ibapah peak. Most of the area's population is
in valleys that vary in elevation from about 5,000 to 6,000 feet MSL. The
entire area is considered arid; however, because of their height, the Deep
Creek Mountains catch many of the storm clouds moved by the prevailing winds
from the west and cause them to drop moisture on the western slopes. As 2
result, Deep Creek Valley is better watered than most valleys in Nevada.
Several mountain streams floi down to form Deep Creek and there are many
miles of natural wild grass meadows. This is the first fertile valley west
of the great salt flats, and is somewhat of an oasis even though still being
considered an arid valley.

3.1.3 Vegatation:

The valleys are covered with typical desert shrubs, greasewood, eagebrush
and scattered grasses which, in some instances, are suitable for grazing.
In the area of the Deep Creek Range, because of increased altitude and
precipitation, the valley vegetation gives way to the pygmy forest community
(Juniper and pinyon pines) on the higher slopes and the subalpine community
(pine, spruces and quaking aspens) in the summit area. Other mountain
ranges have similar vegetation sequences but most other areas do not reach 3
the subalpine community becamse of lower elevation and less precipitation.*

3.1.4 Animals:

3.1.4. 1 General: Sheep are the predominant domestic animals inhabiting the
area with beef cattle and horses also present in some areas. Wildlife in
the area includes not only small mammals and reptiles, but also antelope,
mule deer, bobcats, mountain lions and other carnivore ranging from coyotes
to ermine. Additionally, sighting3 of numerous raptors and other avain
species have been documented, including observations of high densities of
golden eagles year-round. Tlis area is also winter habitat for bald eagles.
Information now being accumulated on raptors indicates the area around the
Utah-Nevada border may be wi-hin the migratory pattern of several types of
raptors.

3.1.4.2 Threatened and Endangered Species:

The Utah Division of Wildlifi Resources (DWR) has identified two endangered
species as occurring within .a 50 mile radius of Hill AFB and the Utah Test
and Training Range; the pere,?rine falcon and the bald eagle. The Elko
(Nevada) District Office of the Bureau of Land Management (BLM) identified
four animals 3s occurring on the Nevada side of the Utah Test and Training
Range and on the threatened and endangered species list: the peregrine
falcon, the bald eagle, the spotted bat and the stepdoe dace. Although
difficult to identify the exact population size and extent of these species,
it appears that of the four, only the bald eagle frequents the area of the
proposed supersonic flight airspace.

1. American Peregrine Falcon (Falcon peregrinum anatum): Nesting
apparently occurs throughout northern Utah. Habitat consists primarily of
cliffs and rock bluffs, below 3,000 feet elevation, and in proximity of a
significant body of water. According to a 7 December 1977 letter from the
DWR, there have been five dccumented sightings of the peregrine falcon in
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the area of northern Utah since passage of the Endangered Species Act of
1973. The letter also identified five historic eyries occurring within this
area and two candidate parcels of "critical habitat," designated as such for
possible reintroduction of natural reoocupation by wild stock. None of the
locations identified in sightings, as historic eyries or as critical
habitat are within the subjeot airspace. However, one of the historic
eyries is in the area of Wendover, immediately north of the proposed
airspace. In more recent conversations (September 1982), the DWR has
indicated that there have been no recent documented sitings of the peregrine
falcon in the UTTR area.

2. Southern Bald Eagle (Haliaeetus leucocephalus): Year-long habitat
is restricted to the Goshute Mountain Range and to several areas west of
the area of interest. Winter habitat in Nevada listed as crucial to this
bird occurs at the south end of the Goshutes and in the Dolly Varden
Mountains to the west. Each winter large numbers of bald eagles spend a
portion of their annual life cycle in Utah. Little use is made of the
relatively barren west desert of Utah which is in a 50 mile radius of Air
Force Range areas. However, there are published accounts of significant
numbers of bald eagles occutring in the area of Vernon, Utah, which is about
62 miles east of the proposed supersonic flight airspace and there have also
been sightings within Range boundaries, by Air Force personnel and by State
and Federal wildlife specialists.

3. Spotted Bat (Euderma maculatum): This bat is not on the federal
iist but th" aiaLes of Nevada and Utah are interested in it because it
occurs in a limited range. The limiting factor on the distribution of this
species is thought to be fooi, as it feeds exclusively on small moths.
Areas of distribution have nat been well defined, but are thought to
include the country around Wendover.

4. Steptoe Dace (Relictus solitarius): This fish is found in waters
that were tributaries to the ancient Bonneville Lake. There are 12 known
sites in Nevada that prerently support populations of this fish; the closest
to the Utah Tes, and Training; Range area being Big Springs Ranch in Goshute
Valley which is northwest of the existing Gandy Range Extension.

3.1.5 Land Use:

3.1.5.1 Grazing: Several of the valley areas below the proposed airspace
have been used historically for grazing purposes. The story of the Deep
Creek Valley is similar to many areas in the west, where cattle first
dominated the range lands. Then the cattle empires were cut down by iencing
of the range lands and sheep ranching. Sheep then dominated the valley
until the early 1900's. The Taylor Grazing Act cut many large sheep ranches
down to small ones and small ranches were put out of business. Now much of
the grazing land is under the control of the BLM.

The BLM controls grazing on public land by issuing grazing permits for
cattle and sheep. The maximum loading for the land under the airspace
varies accordi g to area and season of the year. The loading rate ranges
from 1 cow per square mile In the summer months to 7 cows per square mile in
the wetter winter months. Present actual usage is about half the maximum
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potential, about 7700 head of cattle and 24,000 head of sheep. These
figures are based on BLM grazing permit information with about S sheep
equaling 1 cow for grazing loads.

3.1.5.2 Agriculture: Because of the arid nature of this area, agriculture
has not been an important land use. Any agricultural usages are very small
in nature, located in conjunction with and generally for consumption by the
isolated residents of the area.

3.1.5.3 Mining: The mineralization of the area is related broadly to that
of the Basin and Range. The general area is considered to be a possible
source of tungsten, lead, silver and gold. Historically, the Deep Creek
Range has been an area of significant mining and exploration consideration,
being a potential producVr of gold, silver, lead, copper, tungsten,
beryllium and mercury. However, mining operations throughout the area are
isolated and small in scale.

3.1.5.4 Recreation: Recreational activities in the area are limited for
the most part, to those activities taking advantage of its unspoiled nature.
These activities include hunting, hiking, horse riding, camping, nature
study, etc. However, because of the remoteness of the area, the number of
people participating in these activities are relatively small. The BLM has
estimated that recreational usage of the Deep Creek Mountains, in both Juab
and Tooele Counties of Utah, amounts to 6,000 vista per year totaling some
22,000 visitor hours. These visits included hunting, fishing, hiking and
amnina activiti1es. It is also estimated that the Pony Express Trail draws
some 150,000 visits per year involving 1.2 million visitor hours. These
recreational visits include primarily camping and recreational vehicle (RV)
activities; in fact, the more readily aocessable portions (closest to
populous areas) are outside the impact. area.

3.1.5.5. Tourism: There is only one major road through the area; U.S.
Highway Alternate 50 which heads southwesterly across the area from
Wendover to Ely. Other roads in the area are primarily for access to
specific locations and may lend themselves to the recreational activities
described above, but probably would not be considered suitable for tourism
as they do not provide facilities.

3.2 Socio-Economic Conditions:

The economy of the area depends almost entirely on ranching and the small
amount of mining that takes place. Due to the low annual rainfall and
relatively arid conditions, the water suapply is critical to the economy and
the type activities that the area can support. For the most part, areas
where people are located are determined by the available water.
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IV. ENVIRONMENTAL CONSEQUEECES:

4.0 General:

This section provides the environmental consequences associated with the
proposed action and those alternatives warranting additional discussion.
The environmental consequences addressed in this section are found to be
generally acceptable for residential living, and the specific training sites
identified later within the proposed airspace will generally avoid areas of
known population. Basically, the proposed supersonic flight airspace meets
operational requirements better than the alternate sites and does not
present a significantly different environmental impact.

4.1 Environmental Impacts of the Proposed Action:

4.1.1 Air Qual -z

The proposed supersonic flight airspace overlays portions of Elko and White
Pine Counties in Nevada and Millard, Juab and Tooele Counties in Utah. In
the EPA review of state Air Quality Control Regions, the concentrations of
particulate matter and of sulfur oxides throughout the area, with the
exception of Tooele County in Utah, were listed as being "Better Than
National Standards". Tooele County in Utah is listed as exceeding primary
and secondary standards for sulfur oxides. However, these violations are
due primarily to smelting operations on the eastern side of the County,
some 90 miles east of the airspace. The concentration of oxidant (ozone) is
listed as being "Better Than National Standards" in Nevada. Due to sparse
population and lack of ambient air quality monitoring data, EPA considers
the entire area to be "Better Than or Cannot Be Classified" in respect to
attainment of the carbon monoxide and nitrogen oxide standards and also for
the ozone standard in the Utah portion of the area. The airspace is not
located in an Air Quality Maintenance Area.

Military aircraft conducting flight training operations within the proposed
airspace will emit air pollution contaminants of particulate matter,
hydrocarbons, carbon monoxide and oxides of sulfur and nitrogen. Table 2.0
provides an estimate of the projected annual pollutant emissions from the
proposed air-to-air training operations within the proposed supersonic
flight airspace. The quantity of each pollution was derived using data for
F-16 pollutant amission rates obtained by Air Force testing and the
projected annual hours of flying activity in the airspace assuming each
sortie lasts 23 minutes. Sorties going into this airspace are normally
scheduled for 30 minute blocks, but because of this airspace's distance from
Hill AFB and the associated fuel constraints, 388 TFW pilots estimate that
each sortie will last from 15 to 30 minutes (hence the 23 minute estimate).
Local pilots also estimate that afterburners are used for an accumulated
time of 2.5 to 3 minutes during the training sortie. Therefore, for the
purpose of estimating air pollutant emissions, it will be assumed that each
air-to-air sortie in this airspace will involve 20 minutes at military power
settings and 3 minutes at afterburner. It should be noted that individual
afterburner bu sts last only frcm 15 to 30 seconds in order to conserve
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fuel. (The most advantageous use of fuel is a part of a pilots training.)
Sometimes these short afterburner bursts, used for combat maneuvers, take
the airoraft to supersonic epeeds and sometimes they do not. As mentioned
previously, from observing similar operations, the Air Force estimates the
speed of sound will be exceeded between 2 and 3 times during such a sortie.

TABLE 2.0

PROJECTED ANNUAL EMISSIONS
FROM F-16 AIR-TO-AIR SORTIES

Pollutant Emissions (Tons/Year)

Co 86.2

HC 2.6

NO 702.1
x

so 80.6
x

,articulate (o0tal) 10.6

These pollutants will be emitted over a large area (portions of 5 counties,
roughly 3,030 square miles) and at an elevation normally raaging from 10,000
to 20,000 feet AGL. All training operations involving supersonic speeds
within the proposed supersonic flight airspace will be conducted above 5,000
feet AGL. If the proposed supersonic airspace is not approved, it should be
noted that there would possibly be as many as 500 subsonic flight sorties
in this area per month. (Without the supersonic flight airspace, this arec-
will still have to accommodate many of the air-to-air sorties.) Therefore,
roughly half of the emissions shown in Table 2.0 would still be emitted
wi.thin the airs-ac and po w-I" aoPe at lower elevations.
The Environmental Protection Agency' shows the area's mean annual morning
and afternoon mixing heights to be about 1000 feet and 6900 to 7900 feet
AGL, respectively. The mixing height is the height above the surface
through which relatively vigorous vertical mixing occurs. The mean annual
wind speed averaged through the morning and afternoon mixing heights are 9
and 13 miles per hour, respectively.

All supersonic activity will take place above 5,000 feet AGL and, therefore,
well above the mean annual morning mixing height. It is also estimated that
90 to 95 percent of the superesonic activity will take place above 10,000
feet AGL and will also be alove the mean annual afternoon mixing hcight.
That pollution which is emitted within the mixing height should not create a
significant negative impact because the area has good dispersion
characteristics° Some dJ.spcrsion will also occur as a result of the
turbulent wake behind the aircraft. Those pollutants emitted above the
mixing height will reakin aloft until the mixing height exceeds the altitude
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in which the pollutants were ezitted. By this time the pollutants probably
will have traveled a great distance (:tome times hundreds of miles) and would
be greatly diluted before bein returned to ground level. Considering the
amount of pollutants shown in Table 2.0, it is rot expected that the
quantity of those prllutants returning to ground level would change ambient
ai quality in the area or in any other air quality control region.

J ~4.1. 2 Noise Impacts:

4.1.2.1 General:

Noise in the area will result from two sources: First from the aircraft
itself, and then from the phenomenon produced when an &ircraft exceeds the
speed of sound and causes a soric boom. The aircraft in flight produces
sound from two sources: engine noise and airframe noise as the airoraft
moves through the air. When the aircraft is at subsonic speeds (less than
the speed of iound), the noise levels will be insigniricant. As an example,
if all 40/50 sorties per day were to pass directly over the same spot at
10,000 feet above the ground (a very unlikely worst ceze) the day-night
average sound lev,4l (DNA) would be 43.4/44.3 dB. DNL is an equivalent sound
level over a 24-hour period that is equal, on an energy basis, to the
flurtuating noise signal under consideration (aircraft overflights) with a
10 decibel penalty added to any sounds that occur in the night. By
convention, A-weighted sound exposure levels are used to calculate the DNL
values. A DNL of 40 to 47 is the typical range of noise levels for a rural
cot'-unity. Day-night average .ound leggls below 55 decibels are conaidered
by the Environmental Protection Agency' to have no effect on public health
and welfare, and sound levels 'elow 65 decibels are completely acceptable
for residential purposes by the Department of Housing and Urban Developoent. 3 7

At the present time, subsonic operations occurring within the proposed
supersonic flight airspace include special test operations and their support
alrcraft, intercepts, ingress and egre3s flights to and from ground targets
on DoD land, refueling operations, Red Flag exercises, and others. These
operations often take place at elevations below the normal air-to-air combat
maneuvers and sometimes below 5,000 feet AOL. Despite sometimes having
lower elevations, these operatLOtis ur~e 3o widely dir3peeaed ........- ougu' th
Gandy airspace that the DNL created at any one location on the ground would
be small. Even if the example in the preceeding paragraph were doubled to
account for these existing ope-ations, the DNL figures would only increase
by 3 dB. The Public Affairs Office at Hill AFB logs and monitors all noise
complaints that are received because of Air Force operations in the
vicinity. They are unaware of any history of noise complaints coming from
the land areas beneath the airspace under consideration.

If approved for supersonic flight, aircraft involved In air-to-air training
in the airspace will be at subsonic speeds during most of their flight, but
will accelerate to supersonic flight when conducting basic fighter
maneuvors. In order to accelerate to supersonic airspeeds, the F-16 will
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use the afterburner (thrust augmentation) prior to going supersonic.
Afterburner light-off results in a rapid increase of the sound level and is
occasionally misinterpreted as a sonic boom.

An important consideration in the assessment of the effects of sonic booms
13 that not all booms created are heard at ground level. The atmospheric
air temperature decreases with height above ground. This temperature
gradient acts to bend the sound waves of a sonic boom upwards. Depending
upon the aircraft height and Mach number, the paths of many sonic booms are
bent vpwa'd sufficiently that the boom never reaches ground level. The
heights and Mach numbers proluced during F-16 combat maneuvering are such
that less than one boom ovt of every three produced is likely to be heard at
ground level. This same phenomenon also acts to limit the width of those
sonic booms that do reach ground level. This concept of sonio boom "out
off" is discussed more fully in Appendix B.

4.1.2.2 Supersonic Noise (Sonic Booms):

When aircraft exceed the speed of sound, or Mach V as the airspeed is
referred to, a particular phenomenon occurs that is heard by individuals
within a defined range as a sonic boom. The boom is an instantaneous sound
similar to a thunder clap or a rifle shot. The noise levels and the related
parameter "overpressure" varf significantly depending on where and how a
boom is generated. The over-3ressure is basically a function of the distance
of the aircraft from the observer, the shape of the aircraft, and the

under the flight track of the aircraft and decrease as the slant range ftom
the aircraft to the observer increases. Because of the normal temperature
gradients in the atmosphere, the sonic boom waves tend to refract or bend
upward as they move away from the aircraft until at some point out to the
side of the flight path they no longer reach the ground. This horizontal
distance at which the waves no longer touch the ground is called the cutoff
distance. The sonic boom wave overpressures decrease at a rate proportional
to the -(3/4) power of the slant range between the aircraft and the observer
until. they reach a distance approximately equal to 80 percent of the cutoff
distance. From here to cutoff, the wave disintegrates more rapidly. This
phenomenon is described in more detail in Appendix B.

hs an example, if an F-16 ai.,oraft flying at supereonic speed and at 15,000
feet above the ground produced a sonic boom that generated an overpressure
of 2.4 pounds per square foo; (psf) directly beneath the air)raft, the
overpressure would decay as shown below:

15,000 ft
above ground (Miles from aircraft ground track)

80% Cutoff Cutof'%
1 2 5

Ground I IT I
Overpressure 2.4 2.30 2.06 1ý81 1.72 0.54

psf
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Knowledge of sonic boomseprcduced in steady rectilinear flight is sufficient
to allow for good predictions of the phenomena. The effects of turns and
maneuvers during supersonic flight itave been studied by the French during
exercise Jericho. The study was an intensive investigation into the "focus"
phenomenon. A focus boom occurs when shock waves from an aircraft in
supersonic flight converge on the same point in space at the same time. The
point of convergence can occur either on the ground or at some point in the
atmosphere. The focus boom occurs only at a specific location and does not
move as the aircraft moves. Estimates of the intensified overpressures
occuring as a result ý6 focusing range from two to five times the peak
nominal overpressure.

Aircraft in supersonic flight are most likely to produce focus boom. that
may reach the ground while performing three particular maneuvers: linear
accelerations, turns and pushovers. Other maneuvers such as pull ups,
decelerations, large radius turns, and small curvatures of the flight path
do not generate focus booms. Focus booms are discussed in more detail in
Appendix B. In one Air Force test on fighter aircraft, 205 sonic booms were
produced, of which 18 caused booms reported by residents. From the
evaluation of this test data, it was Galloway's (41) subjective opinion that
one of these booms could have been a focus boom. The Air Force, along with
other DoD services, is involved in efforts to model the situation to
determine where and in what situations focus booms will be generated. More
information on these efforts and their findings should be available for
inclusicri in the final version of this onnh-tnt.

Aircraft operating at supersonic speeds will also produce shock waves that
travel in the atmosphere above the aircraft. When these waves hit the
region of the atmosphere where temperature increases as altitude increases
(the inverse condition to what normally occurs at lower altitudes) they are
refracted back towaod earth. Shock waves created below the aircraft that
bounce off the ground or which refract upwards before reaching the earth,
will eventually go back to earth in a similar fashion. These type shock
waves form a secondary boom carpet at ground that lies outside the primary
carpet. However, they create very minor overpressures (on the order of
0.001 to 0.01 psf) and have not been associated with any significant
community response or adverse impact. This phenomenon of a secondary boom
carpet is discussed further in Appendix B, but it is not discussed further
as a potential adverse environmental impact.

Sonic booms and their effects have been studied extensively by the Air Force
(AF), the Federal Aviation Administration (FAA), and the National
Aeronautics and Space Administration (NASA). Appendix B contains a review
of the literature in this area and discusses several tests conducted to
determine sonic boom overpressure effects on people, structures and
animals.

4.1.2.2.1 Sonic Boom Effects on People:

Sonic boom tests have been conducted at overpressures as great as 144 pounds
per square foot. Tests conducted in 196ý1 at Tonopah, Nevada, reported that
sonic booms with overpressures ranging from 50 psf to 144 psf do not cause
injury to people. Observers positioned directly under the flight tracks of
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aircraft flying at less than 100 feet above ground rqported some momentary
discomfort, fullness and ringing of the ears during the most intense
booms. Although hearing acuity was not measured, subjects reported no
observable symptoms of hearing loss or other ear involved disabilities.
Exposure to loud sound without hearing protection will often be accompanied
by a temporary ringing of the ears. The ringing aots as a warning of
aocousti,, insult. There are dozens of other medical causes for this
ringing, but when it is caused by a loud sound, it will subside after the
exposure unless the exposure is too long or repeated too often. Other tests
at lesser overpressures have reported that sonic booms do not cause
permanent direct injury to people. The possibility of individual injury
from falling objects or injury as a result of being startled by sonic booms
has not be' . investigated. Personal injury due to indirect effects of sonic
booms occur ,r Infrequently, but the possibility of such effect cannot be
eliminated.

Sonic booms in the proposed supersonic flight airspace will be generated by
aircraft flying at altitudes in excess of 5,000 feet AGL with most booms
being created at elevations from 10,000 to 20,000 feet AGL. The sonic boom
overpressure at ground level for an F-16 at 10,000 feet AGL and Mach 1.1
airspeed (the average airspeed used during supersonic flight periods) would
be expected to be about 3.51 psf. At 5,000 feet AGL, the lowest altitude to
be allowed for supersonic training in the proposed airspace, an F-16 at Mach
1.1 would create an overpressure at ground level of about 6.36 psf.
Although 3.52 psf and even 6.36 psi overpressure is well below that
experienced d&ring the tests in Tonopah, Nevada, that caused no
physiological damage, tests conducted in both the United States and in
Canada have demonitrated that a 4 psf sonic boom is considered annoying to
most people. Paragraph 4.1.2.2.5 and Appendix B contain comparison tables
to show maximum calculated overpressure resulting from various supersonic
speeds.

The greatest impact of sonic booms on people is an annoyance factor
resulting from people being startled by the boom. The annoyance factor can
be caused by a variety of factors including house rattles and vibrations,
interruptions of activities, sleep, conversations, television, and the like,
and damage to personal property as well as the personal characteristics and
psychological makeup of individuals exposed. It is also responsible for
creating fear in some individuals. This fear is due to the loud, unexpected
sounds that surprise the individual and is not the same as that fear
associated with possible aircraft accidents. Infants, children, the
elderly, etc., appear to be more susceptible than others, but no one can be
excluded from the possible fear experience. Although some adaptation may be
expected with repeat sonic booms, startle is a primitive response and
whenever an adequate startle stimulus occurs, a startle response ordinarily
follows.

The procedure used by the U.S. Environmentai.Proteotion Agency and the
Department of Housing and Urban Development to assess the impact of sonic
boom exposures on people relates the long-term average C-weighted day-night
average sound level produced by booms to the number of people that would be
highly annoyed by the booms. This prooeuure was developed by the National
Research Council of the National Academy of Scienues through its Committee
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on Hearing, Bioacoustics, and Biomeehanios. 3 8 ,4 3 The C-weighted sound
exposure level was chosen in lieu of the normal A-weighted level because it
provides a more reasonable measure of the low frequency sound pressures
associated wjh high-energy impulses such as those generated by
sonic booms. The procedure is based upon results from several laboratory
studies and social surveys. One social survey was conducted in Oklahoma
City where the residents were exposed to eight sonic booms each day for six
months. During the course oa' this test, they were asked, on three separate
occasions to assess their reactions to the sonic booms. Another social
survey was conducted near an Army base where civilian residents were exposed
daily to the noise from large artillery practice firings. Laboratory tests
were designed to explore peoples' ability to judge the relative annoyance of
sonic booms and subsonic jet aircraft flyovers.

Air Force studies of the Oceana MOA on F-15 aircraft indicated that, except
for entry and exist of the MOA, air-to-air combat maneuvers were
concentrated in an area roughly of an elliptical shape. The studies also
indicated that all supersonic activities were further contained in a smaller
ellipse, with dimensions of approximately 12 miles wide by 18 milen long,
enclosing an area of approximately 170 square miles. Since the F-15 and
F-16 use similar training scenarios, this same data will be used to estimate
the impact of F-16 operations. Because of the geographical conditions
beneath the Gandy airspace and because of the location of the existing
supersonic flight airspace, the Gandy airspace is capable of facilitating
three training areas, each w2,th its own ellipse where supersonic activity
will take place. The two ma-.n criteria for locating these elliptical areas
as shown in Figure 8.0 are the geography of the underlying land and the
horizontal spacing allowed between adversary aircraft. The areas are
generally located over low-lying lands or valleys so that the aircraft can
operate at their optimum elevation region (about 20,000 feet MSL) without
worrying about mountain peaks or high ground reducing the safety buffer of
airspace beneath them. The elliptical training areas should also be located
far enough from -irspace boundaries and other training areas so that
adversary aircraft can begin their maneuvers at a distance of at least 40
miles apart. This horizontal spacing allows for effective training in the
use oC the airuprafts radar. Also shown in Figure 8,0 are the approximate
locations of the elliptical training areas within existing supersonic flight
airspace. As can be seen, should the proposed action be approved, the north
ellipse in Figure 8.0 will extend into the existing supersonic flight
airspace and one of the elliptical training areas over the existing airspace
will extend into the proposed airspace. This type of arrangement should
provide for the optimum use of the existing supersonic airspace.

Under worst case conditions the north, middle and south elliptical areas
shown in Figure 8.0 would be used to accommodate 1,050 sorties per month
that would involve supersonic flight. Because they are closer to Hill AFB,
the north and middle ellipses would be more heavily used than the south
ellipse. It is estimated that the north and middle ellipses would carry
about 400 monthly supersonic sorties each and the south ellipse would carry
the remaining 50. In Appendix B, the C-weighted day-night average sound
level was calcalated for the land areas beneath each of the three ellipses;
the north and middle ellipses would have sound levels of 59.8 decibels and
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the south ellipse would have a level of 57.8 decibels. These figures were
based on the average supersonic speeds and altitudes anticipated for the
proposed actions: Mach 1.1 and 15,000 feet AGL (20,000 feet MSL)
respectively. Utilizing an A-weighted day-night average sound level method,
HUD has established that a location must have a sound level of less tha 4265
decibels to be considered acceptable for residential purposes. Studies
have shown that for comparable values of C-weighted and A-weighted noise
levels, people generally find the impulse noise described by the C-weighted
method to be more annoying. These same studies have shown that in the
decibel range being considered in this impact statement, a penalty of about
4.5 decibels should be added to the C-weighted sound levels in order to
compare them with the annoyance associated with A-weighted sound levels.
Even with these penalties added, the sound levels expected from the scenario
described in this paragraph are generally considered acceptable for
residential purposes.

Under these same worst case loading conditions (1,050 supersonic sorties per
month in the Gandy airspace). a similar analysis could be performed assuming
the worst case operating conditions. For this purpose the booms are all
produced at 5,000 feet AGL (lowest allowed elevation) by aircraft traveling
at Mach 1.3 (highest anticipated speed). If the same number of booms reach
the ground as was assumed in the previous situation, the C-weighted
day-night average sound level for land areas beneath the north and middle
ellipses would have a level of about 67.4 decibels and the south ellipse
would have a level of about 65.4 decibels. With the 4.5 decibel penality
applied to these C-weighted levels, they would be 5 to 7 decibels rhgher
than what would normally be considered acceptable for residential purposes.
But, this scenario is unrealistically exaggerated.

The number of carpet booms likely to be heard at any point beneath an
elliptical operating area can be estimated by the method described in
Appendix C. These estimates are summarized below.

Probability of Hearing Given Number
Number of Booms or More Booms Per Day

Heard Per Day Northern or Central Southern
Ellipses Ellipse

1 0.86 0.71

2 0.56 0.33

3 0.27 0.10

4 0.10 0.02

5 0.03 0.01

6 0.01 0.01

7 0.01 0.01
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As an example interpretation of these numbers, an individual living under
the northern ellipse can except to hear two or more booms on slightly more
than one-half of the days (from the table, 0.56), and on less than one day
in one hundred would he hear seven or more booms. These probabilities drop
off rapidly at distances more than 0.8 times the out-off distance from the
operating ellipse, reaching essentially zero at the out-off distance. This
outer limit where essentially no booms are expected is the same as the
widest ellipse in Figure 9. A more detailed summary of expected sonic boom
probabilities is found in Appendix C.

The situations described in -he preceding paragraphs are worst case loading
conditions. Under normal conditions there would only be about 719
air-to-air training sorties within the proposed airspace in one month and
the flights would probably be divided up roughly between the north and
middle ellipses with few going to the southern area. In this instance, the
existing supersonic flight airspace would handle the remaining air-to-air
sorties (450 per month). They would be accomplished in the two elliptical
areas shown within the existing supersonic flight airspace area of Figure
8.0. With these conditions, C-weighted day-night average sound level
contours could also be calculated for these two ellipses and they would be
very similar to those shown on the south ellipse in Figure 8.0.
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The C-weighted day-night average sound levels described in the preceding
paragraphs are the result of sonic booms only; they do not include noise
produced by subsonic aircraf• operations. These subsonic operations,
itcluding both the air-to-air sorties and various other activities, were
addressed in section 3.1.2.1. The exaggerated examples given in that
section produced DNL levels of less than 48. The DNL and the C-weighted
day-night average sound levels are very similar methods of describing noise;
the DNL ts based on an A-welighted measurement rather than a C-weighted.
(The C-weighted measurement better quantifies impulsive sounds and their
related structural vibration annoyances.) For estimation purposes the two
average sound levels can be added together to get an idea of the noise
impact of all aircraft operations within the proposed airspace. However,
since decibels and the day-nlght average sound levels are logarithmic units,
they cannot be added by arithmetic means, but must be added on an "energy
basis". (As an example, if two levels are the same or 1dB different, the
sum is simply the higher value plus 3dB. On the other end of the scale, if
the two levels differ by 10dB or more, the sum is simply the higher of the
two values.) Therefore, add4.ng the exaggerated subsonic operation noise
level to either of the C-weighted levels on the inner most ellipses in
Figure 8.0, one obtains 59.8 or 57.8 deolbels, the same levels already
addressed.

Some experiments have shown a tendancy for sonic boom exposure to degrade
the performance of certain vLsual, saering and tracking tasks, while others
have shown no effect on performance. Nowakiwsky (1974) subjected
automobile drivers to sonic booms of 3 psf with- - apparet -- Q-t- on the--"
ability to handle the vehicles. Sonic booms have also been reported to
interrupt work, rest, recreation, school and other day-to-day activities.
The actual acoustic masking effect of the boom is negligible because its
duration is only a fraction of a second. However, the actual interruption
will often last longer than the boom whether or not startle occurs;
conversation and comments about the boom may continue after the fact,
thought processes may be interrupted without imediate recovery, and group
activities may require a short time to resume their previous business. It
may take several minutes before the interrupted activity is fully resumed
and order is restored in the case of groups of individuals. The response is
laranlv denAndent upnn the-in---•ivi--l-s-- h-- - and the eonie boom
overpressure.

Inhabitants of sparsely populated and quiet remote areas might reasonably be
expected to be less tolerant of sonic booms. The responses undoubtedly will
depend on individual natures. Callao is about 4 1/2 miles from the edge of
the area. With normal operations occuring in the elliptical areas
identified in Figure 8.0, this community will not be impacted. The western
half of the Goshute Indian Reservation will be impacted by operations in the
middle elliptical area and the locations identified as Uvada, Partoun and
Gandy may be impacted from operations in the south ellipse area. However,
of the three, this southern ellipse will be the least used. The community
of Gold Hill ma3 be impacted by operations occuring in the elliptical
training area over existing ;3upersonic flight airspace but only in unusual
circumstances. 'rom a standpoint of residents beneath the proposed
supersonic fligt'ý airspace, operations in the middle ellipse would appear to
represent the largest impact. The area of Ibapah could be impacted by
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overpressures from this ellipse under unusual atmospheric conditions. But,
as stated previously, even beneath the interior ellipses, noise levels are
considered acceptable for residential living. These areas are already
subjected to periodic low level overflights at subsonic speeds. The fact
that the residents of the area below the proposed airspace have already been
exposed to noise from military aircraft may make them more tolerant to sonic
booms or it may make them more sensitive, again depending on the individual.

4.1.2.2.2 Sonic Boom Effects on Animals:

Although domestic livestock have been observed during exposure to sonic
booms, their reactions have not been conclusive and in most cases, indicated
only recognition of a sound stimulus. One study indicated that sooty tern
reproduction rates were severely reduced when the eggs wer jexposed to
intense sonic booms with overpressures of 100 psf or more,. Generally,
though, the magnitude of arntmal responses to sonic boom overpressure
normally experienced has been slight.

Availn species will occasionally run, fly or crow. A series of tests
conducted at the Agricultural Research Center, Beltsville, Maryland, also
concluded thaý2the behavior reactions of large animals to the sonic booms
were minimal. It was, however, noted that the reactions by animals were
more pronounced to low flying subsonic aircraft than to booms. The
reactions were of similar magnitude and nature to those resulting from
flying paper, the presence of strange persons, or moving objects, which may
indicate that stress may be pronounced when an object i seen.
Observations reported by U.S. Fish and Wildlife Service (USFWS) personnel
regarding responses of big harn sheep on the Luke Air Force Range, Arizona,
to sonic booms Indicate mini-al impacts or disturbance to the sheep. These
observations are listed in Appendix B.

Wild animals known to live in the region include small mamials, reptiles,
antelope, mule deer, bobcats, mountain lions and other carnivore ranging
from coyotes to ermine. Alss, there have been documented sightings of
numerous raptors and other avian species, including observations of high
densities of golden eagles yaar-around with bald eagles using the area for
winter habitat. Other wildlife in tne area is characteristic of the western
desert and mountain area. Tie only potential impact of the proposed action
that might affect these species is the sonic booms resulting from the
proposed training. Generally, the most delicate and sensitive behavior of
animals is that associated with biological reproduction. Although sonic
booms may, under extreme and unusual circumstances, affect this behavior,
neither reproduction behavior modification nor adverse animal responses have
been related to the type and magnitude of sonic booms that would be
experienced beneath the proposed supersonic flight airspace.

A study40 conducted in 1980 and 1981 under cooperative agreement between the
USFWS and the Air Force, involved data gathering at 40 breeding sites of 8
species of raptorial birds in an effort to record responses to low level
Jets and sonic booms. Falcon and eagle species were subjected to a total of
1000 jet passes and over 10C real or simulated booms. During the 1980
portion of the study, boom responses were recorded at 15 eyries for 9
species (including 3 peregrine falcon eyries) and low level jet responses
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were recorded at 19 eyries (including 5 peregrine eyries) for 7 species.
The objective in each experiment was to simulate a worst case situation
(i.e., booms louder than normal or repeated passes with aircraft lower and
closer than would be expected in routine low level, maneuvers). The
rationale being that if severe behavioral responses could not be generated
in the worst case experiments, then one could logically conclude that
responses to less intense stimuli would be less severe. The second year of
the study concentrated on the peregrin falcon and its closest Arizona kin,
the prairie falcon. Four pairs of prairie falcons were subjected to extreme
test situations (i.e., the daily maximum for jet passes was 42 at one eyrie,
and 23 booms at another) during the courtship - incubation phases of the
nesting cycle when they were most likely to abandon. All phases of the
breeding cycle were also tested in the peregrine. Finally, all sites tested
in 1980 were revisited to determine reoccupancy rates. The conclusion of
the study with regard to sorio booms are: (1) small nestlings do not
respond noticeably, (2) large nestlings are alerted or alarmed - less often
young will cower, (3) occasionally adults respond minimally if at all to
loud booms, and (4) adult behavior indicative of site abandonment was not
observed. The report further summarized by stating,

"...while the birds observed for this study were often noticeably
alarmed by the subject stimuli, the negative responses were brief and
never productivity limiting. In general, the birds were inoredibly
tolerant of stimulus loads which would likely be unacceptable to
humans."

Under the heaviest loading conditions expected, the land area beneath the
elliptical airspaces identified earlier may experience as many as 14 sonic
booms on a weekday. Any single location beneath the elliptical airspace
will be subjected to only a portion of this number. Considering the
relatively high altitude of the sonic boom activity and low numbers of sonic
booms expected to be perceived by a single ground location within the area,
the anticipated noise impact on endangered species and wildlife appears to
be slight.

Cottereau of the National Veterinary School of Lyon, Lyon, France, reports
in all the rtudlcs concerning - bvol, whethler real or si-ult ,bms,

the authors came to the same general conclusions: Sonic booms and subsonic
flight noise has very little effect on the animals behavior. He goes
further to say about sonic booms, "Chronic direct effects on wild animals
have not been investigated, but no significant effects of f -ind are
preaently foreseen."

An FAA study completed in 1973 arrived at the following conclusions:

1. Animal damage claims are only a very small fraction of the total
damage claims that have been submitted to the Air Force.

2. The behavioral reactions of farm animals to sonic booms are, for the
most part, minimal.

3. All experimental evidence to date indicates that the exposure of
mink to sonic booms does not affect reproduction.
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4. All experimental evidence to date indicates that the exposure of

chicken eggs to sonic booms does not affect their hatohability.

5. Sonic booms do not appear to pose a threat to fish or fish eggs.

6. Knowledge concerning the effects of sonic booms on wildlife is
limited, but it appears that sonic Dooms do not pose a significant threat.

While available data indicates wildlife and animals demonstrate limited
response and no nestling death or eyrie abandonment, questions on long term

protracted exposure and sublevel responses remain to be studied.

4.1.2.2.3 Sonic Boom Effects on Structures:

Three large scale tests account fox, the bulk of recorded data available in
describing structural response to sonic boom overpressure. The most
intensive test was conducted at White Sands, New Mexico, where 21 structures
of various design and construction were instrumented and then expýed to
more than 1,500 sonic booms with overpressures as high as 20 paf. No
damage was detected for overpressures up to 5 paf, nor was there evidence
of any cumulative damage effects after a series of 806 successive flights at
about 5 psf. The only evidence of damage at the conclusion of the tests,

other than glass breakage, was three bricks that had loosened beneath a
window ledge. Additional details on the White Sands study along with
details on the other two large scale tests are provided in Appendix B.

The results of the three large scale sonic boom structural tests and several
other tests were anahyzed by NASA. In their conclusion they make the "p
following statement:

The extensive series of overflight tests have provided valuable
data on the order of magnitude of responses to be expected.
These tests show that building structures in good repair shoul•
not be damaged at boom overpressures less than about 11 lb/ft.
However, it is recognized that considerable loading variability
occurs, owing to atmospheric effects, and that the residual strength

or stfUea varies acoording to.. usage an•d nattur.a'Al .caum-c-Z. - as,"

there is a small probability that some damage will be produced by
the intensities expected to be produced by supersonic aircraft.

By far, the largest percentage of sonic boom damage claims stems from broken

or cracked glass damage. All of the tests conducted in the United States
have confirmig that glass damage is the most prevalent damage caused by
sonic booms. As addressed in Appendix B, predicting whether or not glass
will break due to a certain sonic boom overpressure depends upon various
factors, i.e., the suriace condition of the glass, the overpressure geometry
and duration, the atmospheric moisture content and the composition of the
glass itself. By using a data base of unpublished static test results
provided by Libbey-Owens-Ford Company, a statistical analysis was performed
to determine the probability of glass breakage for various overpressres.
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If all flight paths are considered equally likely, that is, the aircraft
could approach from any direction, then the probability of breakage for good
glass at various nominal overpressures is shown below.

Overpressures Probability of Breakage

1 psf .000001*
2 psf .000023

* 1 pane in 1,000,000 panes

If the aircraft were to approach from head-on perpendicular to the plane of
the window, the probability would increase somewhat, as shown below:

Overpressures Probability of Breakage

1 psf .000023
2 psf .000075
4 psf .001200

20 psf .105000
40 psf .323000

Note that for the overpressures previously discussed, around 4 paf, the
probability of breakage is about one-tenth of one percent. Therefore, a few
windows can be expected to be broken or cracked as a result of the sonic
booms created in the proposed airslce. Th Zhd
procedures to recover the costs of damage resulting from sonic booms. Refer
to section 4.6.3 for an explanation of the Air Force claims process.

4.1.2.2.4 Sonic Boom Effects on Terrain and Seismic Activity:

Several studies have been performed 2 o study the magnitude of seismic
effects resulting from sonic booms. One study by Goforth and McDonald
concluded that the static deformation that, occurs at the surface is unlikely
to build up sufficiently to 3onstitute a menace to structures. As a part of
the analysis, the peak particle velocity was determined for various
geological formations. The damag notentA! of the pe--- -•t' e ,-eociie
produced by the sonic booms is well below damage thresholds accepted by the
United States Bureau of Mines and other agencies. Although identified as a
concern by the State of Utah (see section 4.1.3), it is highly unlikely that
the impact of sonic booms on geologic formations would be sufficient to
generate landfalls or landslides.

There has been some concern that supersonic flights over mountainous areas
could cause avalanches under certain conditions. In 1967, the National Park
Service attributed damage to two Nationaý1 Park areas caused by falling earth
and rock immediately after a sonic boom. The only test in the United
States to study the possibility of aval~ches was conducted in the Star
Mountain area near Leadville, Colorado. Eighteen supersonic runs were
studied with overpressures ranging from 1.5 to 5.2 pat. No avalanche was
observed as a d .rect result of a sonic boom. Forest Service personnel rated
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the avalanche hazard as low during the test period and oonsidered the test
as inconclusive; therefore, -he potential for sonic booms triggering
avalanches remains largely u:*nown.

4.1.2.2.5 Sonic Boom Calculations:

A simplified method for the calculation of sonic boom oharactertistios for a
wide variety of supersonic a:i.rcraft configurations and spacecraft operating
at altitudes up to 76 km (47,2 miles) has been developed. Soric boom
ove-pressures and signature duration may be predicted for the entire
affected ground area for veh•.cles in level flight or in moderate climbing or
descendtng flight paths. The outlined procedure relies to a great extent on
the use of charts to provide generation and propagation factors for use in
relatively simple expressions for signature calculation. Computational
requirements 6can be met by hand-held scientific calculators, or even by
slide rules. The method is explained in detail in Appendix B, It uses
basic aircraft operating conditions - Mach Number, altitude, weight, and
flight path angle. The estinate provided by the method tends to be
conservative; that is, the overpressure derived is the maximum possible.
Other factors such as non-standard temperature and winds are not accounted
for in this conservative analysis for the principle of simplicity. These
factors tend to distort the cionic boom shock waves and most often decreases
maximum overpressures.

The following chart shows the maximum overpressure to be expected directly
Under '11,6 ligt...... track 01. r IVOpe.a.¶01.ti i -}, la rvpOmo ouper

airspace at representative airspeeds and five altitudes. As distance from
the flight track increases, the overpressure decreases as discussed earlier.

MAXIMUM OVERPRESSURE EXPECTED AT A GROUND LEVEL
ALTITUDE OF 5000 FEET MSL

AIRCRAFT AIRSPEED M ALTITUDE (MSL) O'F AIRCRAFT

oo0o00 15,000 20,ooo 25,000 30,000

1.3 7.48 psf '4.14 psf 2.85 psf 2.14 psf 1.67 paf

All these overpressures are well inside the limits of those overpressures
expected to cause any structL.ral damage other than ocoasional breakage of
glass. Also, Air Force testing with fighter aircraft having capabilities
similar to the F-16 have shown an average supersonic speed of Mach 1.106
during the short bursts of speed with only 0.3 of the booms created reaching
the ground.

4.1.2.2.6 Sonic Booms Effects on Areas Beyond the Airspace Boundaries:

Sonic booms may be expected to travel beyond the area boundaries. The
distance a sonic boom will travel depends on the aircraft altitude,
airspeed, and atmospheric conditions such as prevailing winds. Using the
decay rate equation, there would still be calculable overpressure at any
lateral distance from the bo(M source. However, in reality these shook
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wave3 tend to refract back into the atmosphere. Since these laterally
traveling shook waves travel farther than those directly beneath the plane,
they travol further through the atmosphere before reaching the ground and
arc refracted more. The lateral cutoff distance is that point where the
shock waves start grazing the ground; at further lateral distances, the
wave9i refract back into the atzosphere never reaching the ground.
Atmosphe..ic conditions such as prevailing winds may shift the lateral extent
of the sonic boom to greater distancee than the theoretical cutoff
distance. The lateral shift will depend on aircraft altitude and wind
speed, but will not normally siift the impacted area more than a couple of
miles outside the calculated cutoff distance.

Under aversge operating conditions, the shock waves will travel only as far
as the outer ellipses shown in Figure 8.0 (approximately 4.3 miles out from
the inrermost ellipse). At the maximum airspeed and minimum altitude
allowed (M = 1.3 and 5,000 AGL), the maximum lateral cutoff distance of the
sonic boom will only be about 1.4 miles from the aircraft flight track. At
the same maximum airspeed but at 30,000 feet MSL, the maximum cutoff
distance increases to 11 miles with overpressures substantially less then
when the boom is created at 5,000 fees AGL. Under this set of conditions,
the ground beneath the inner ellipses would experience overpressures of
about 1.67 psf; and the overpressure on the ground at the 11 mile distance
would die down to 0.30 psf. The above, 11 mile distance, represents the
widest spread of sonic waves teat is expected from the proposed action.
With the booms being created in the elliptical airspace discussed
earlier, the 11 mile cutotf distance would creatE on outer ellipse as shown
ii: Fig-ire 9.0.

When looking at Figure 9.0, it should be noted that all ot the airspace
contiguous to the eastern side of the proposed supersonic flight airspace is
already within the restricted airspace of the UTTR. As such, the land areai
below, like those bhlow the proposed airspace, are already subjected to
noise frsom military aircraft flying at subsonic speeds at elevations as low
as 100 feet AGL. I- -F -t, the community of Gold Hill is now close enough to
eyisting "Southern Sipersonic Flight Airspace" shown in Figure 2.0 that it
is probably exposed to occasional sonic boom overpressures created in that
airspaee. By the sacue tkokenj the land bmeneathL thl-e not1,6a ;rr ieroA thIc

Gandy Range Extension is most likely already exposed to oocasional sonic
boom overpressures because the existing supersonic flight airopace is
adjacent to the Gandy airspace in this area. The most populous area that
could be impacted by this worst case spread of shock waves is the Town of
Wendover. Taking into consideration that this condition will rarely, if
ever, occuir and that Wendover is only on the fringe of the impacted area,
there should be no adverse impacts on this community.

4.1.3 Impact on Fish and Wildlife:

Several agencies and organizations, including the States or Utah and Nevada,
have expressed concern over the proposed action's impact on fish and
wildlife. Since thesa izpacts are limited to those rosulting! from the -onic
booms, they wer i addressed in section 4.1.2.2.2 of this dicument. Az a
review and spe, ifioally addressing the identified threatened or endangared

51



.-- . ......ove.r

\/ I' I
I . !

_ l OGoldH I

Existing Supersonic
Flight Airspacek~b a~ Pajbapah

Ti-tt- . .

,. .4t -va --a Trout Creek
( ' oPa toun

0 Ely v

SCALE
0 10 20 30

Miles

FiGua 950
P OTTENTiAL AREA OF SONIC BOOM IMPACT

WITH WIIDEST LATERAL SPREA (3l, MiLEs)

52



species in the area, it is anticipated that the proposed action will have no
adverse impact on the bald eagle or peregrine falcon over those which may
already exist due to the present low level operations by military aircraft.
There are no documented sightings of the peregrine falcon in the area of
concern, but the bald eagle is known to frequent some of the area. The
impact on the spotted bat is unknown as, according to BLM, the extent of its
distribution is also unknown. As indicated in section 4.1.2.2.2, sonic
booms do not appear to pose a threat to fish or fish eggs and since the
nearest identified population of the steptoe dace is northwest of the
project site, no impact on t-is species is anticipated. Refer to section
3.1.4.2 for additional discussion on the population and extent of threatened
and endangered species.

Another animal species of possible concern is the rare Snake Valley (Utah)
cutthroat trout for which the Deep Creek Mountains is one of the few
remaining area9 of existence. The State of Utah has expressed the concern
that the number of sonic booms impacting this habitat may result in
landfalls and landslides which could block creeks, prohibiting fish
movement and reproduction. As previously described in section 4.1.2.2.4 it
is unlikely sonic booms wouli impact geological formations. Also the
supersonic flight ellipses ii Figure 8.0 do not extend into the Deep Creek
Mountains. Therefore, normal supersonic operations should have no impact on
this habitat.

4. 1.4 Imnact on Archeolocical or Historical Sites!

No specific archeological sites have been identified in the land area
beneath the proposed supersonic flight airspace. However, there are several
historical sites and monuments in the area that are associated with the old
pony express and stage trail that skirted around the south end of the Great
Salt Lake Desert. (Much of this desert is now DoD-owned land within the
UTTM.) The trail cuts further south at Callao, going through Trout Creek
and around the south end of the Deep Creek Mountains. The trail then turns
north, preceeding to Tippett and through Antelope Valley. Once past the
Antelope Range, the trail veers west and out of the area of concern. As a
result of some preliminary s3oping, the Utah and Nevada State historical
Preservation Officers have provided written determinations that the proposed
action will have no impact on archeological or historical sites. However,
the officers of both States will be sent copies of this document anc again
will be given the opportunity to identify any concerns they may have.

4.1.5 Impact on Air Traffic:

Private aircraft are not prohibited from use of the Gandy Range Extension
portion of the proposed supersonic flight airspace. This airznace is under
control of the FAA at Salt Lake Air Route Traffic Control Center kART2C),
Salt Lake City, Utah. When the area is scheduled for military activities,
the contr~l is turned over to the 299th Communications Squadron of the Utah
Air National Guard. As compared to current subsonic flight operations,
supersonic flirht training will not result in slecial procedures or
operating limi ations being placed on privats aircraft. A majority of the
general aviation traffic in this area can be expected to operate below
10,000 feet AGL and most supersonic training can be expected to take place
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above this elevation. The Gandy Range Extension MOA is depicted on the
applicable sectional aeronau,;ical chart to warn general aviation pilots of
the specific utilization of the area by military aircraft. Based on this
analysis, the proposed action should have minimal effect beyond current
levels on general aviation in the area.

The Aircraft Owners and Pilots Association have expressed their concern that
the see-and-avoid concept of collision prevention cannot be depended upon
for aircraft operating at supersonic speeds. Their concern is that a high
collision potential would exist between the USAF aircraft flying at
supersonic speeds and non-participating Visual Flight Rules (VFR) civilian
aircraft operating below positive control airspace within the Gandy MOA.
However, existing military operations in the Gandy airspace already involve
speeds approaching the speed of sound and a see-and-avoid concept should not
be depended upon even in these instances. The best approach to avoid
conflicts is for private pilots requiring access to the airspace to file
pre-flight plans and pay attention to the Notices to Airman put out by the
FAA. Even though the floor of the proposed supersonic airspaoe is 5,000
feet AGL, military aircraft operating at supersonic speeds may not always be
under positive radar coverage with the 299th Communications Squadron.

4.1.6 Accidents:

When compared individually wth subsonic air-to-air sorties, allowing the
)J.. O UJ ''4 JL OL .E' 1*I A C le .J O d~ CtJ Ca A A l A' **fA' A ...

the potential for an aircraft accident (crash or jettison of external
stores) and any ensuing effect on human life, property or animal life.
However, if approved for supersonic flight, more air-to-air sorties will be
scheduled for the airspace under consideration and the increased number of
sorties would increase the chance of such an accident in that area. As of
31 December 1982, the F-16 at Hill AFB had accimulated 76,617 hours of
flying time since it was introduced into the Air Force inventory at Hill in
January 1979. During those hours there were sixteen major mishaps or
accidents involving F-16's at Hill (fourteen within the 388 TFW and two
within the international traf.ning unit, no longer located at Hill AFB).

Noe f' ths acidents~~ reule i.~i1 ni a los oaf t,4'u41 4in 4 n l fe or pnTStyI, but

one did involve the loss of a military life. Although the above figures
indicate a low probability o:1 an aircraft accident affecting the area,
resident fear and anxiety towuard aircraft accidents may result from or" be
intensified hy sonic boom activity.

4.2 Environmental Impacts of Alternatives:

4.2.1 No Action:

As would be expected with this alternative, all the envirormental impacts
associated with sonic booms as described in section 4.1, would not occur.
Aircraft operations involving supersonic flight would be restricted to
airspace already approved for these operations which is located over land
controlled by the DoD. The proposed airspace would still be heavily used
for aircraft training operations but not at supersonic speeds. The
environmental impact of this alternative would amoun• to a "status quo", but
the 388 TFW's training program would be significantly degraded. A majority

54



of their air-to-air combat training flights would not be accomplished irn
airspace where the aircraft's full capability could be exploited. A true
simulation of wartime situations could not be achieved on these flights and
the pilot's wartime survivability could be impaired.

4.2.2 Alternative Airspace Within the UTTR:

The alternate training areas within the UTTR that were addressed in section
2.2.2.2 would experience similar environmental impacts to those expected
beneath the proposed airspace and addressed in section 4.1. At any of these
alternate airspaces, the air combat maneuvers would be accomplished at
similar altitudes and the sonic booms generated would cause essentially the
same overpressures at ground level. Available evidence indicates that
domestic and wild animals are not significantly impacted by these
overpressures and the analysis provided in section 4.1.2.2.1 indicates that
the areas subjected to sonic booms are still suitable for residential
living. The primary difference in environmental impact would appear to be
the number of people present beneath the airspace that may be annoyed by the
boows. Locating the operations in the Lucin MOAs (section 2.2.2.2.1) would
impact mc 'e people than the proposed action.while locating them in R-6402, R-
6405, and the Sevier MOAs (sections 2.2.2.2.3 and 2.2.2.2.4) would impact
similar numbers of people. The residential population beneath the Lucin
MOAs is approximately 400 and the portions of R-6402, R-6405 and the Sevier
MOAs in Juab and Millard Counties (Utah), the least populous portions of
these areas, have a nonulatlon of abnut 330. These later alt~ernateA sitP
are individually small in useable size and unless combined may not be
capable of meeting the total trainLng requirements. Also, use of these
sites would not be able to take advantage of other existing UTTR training
facilities such as inflight refueling and the .HUS Arena. There is no clear
cut environmental advantage (less populous areas) to the alternate sites
within the UTTR and in most oases, they involve operational disadvantages.

4.2.3 Vertical Dimension Changes:

Ary significant increase in the elevation of the proposed supersonic flight
airspace would force pilots to deploy their aircraft at elevations where the
maximum perforaance of the craft is decreased. Although this would decrease
the noise impact at ground lvel, it would be a direct contradiction to the
primary purpose of the proposed action which is to provide airspace where
realistic combat training can be accomplished. Minor increases in the floor
elevation (a few thousand feet) could possibly be made without affecting the
normal aircraft maneuvering altitudes, but then the estimated noise impacts
would remain the same. Only the maximum anticipated sonic boom overpressure
level's would be decreased and it is estimated that sonic booms will seldom
if eirer', be generated at these lowest altitudes.

41 3 Relationship of Proposed Action to Land Use Plans, Policies and
Controls:

A Notice of In'ent describing the proposed action, identifying the Air
Force's intent on to prepare a Draft Environmental Impact Statement (DEIS),
and soliciting comments was published in the Federal Register and mailed to
the State and Federal agencies listed under section VII of this document.

55



The same information was also made available through a public news release.
Prior to the notice of intent, additional sooping was accomplished at the
local, level. At that time, representatives of Hill APB attended a session
of the State of Utah's Environmental Coordinating Committee and a session of
the Utah Aeronautical Committee to present the proposal and also met with
representatives of the Nevada State Clearingnouse. This section will
address the land use conoern, s voiced in the comments received from the
various agancies and discussed at the meetings attended by Air Force
representatives.

4.3.1 Access to Affected Area:

4.3.1.1 Land Access:

The Gandy Range Extension portion of the proposed supersonic flight airspace
is now designated as a MOA and ATCAAA while the remainder is designated as
restricted airspace. These designations have nothing to tdo with the
movement or restriction of ground vehicles below. Likewise, the designation
of the airspace above 5000 feet AGL as an airspace for supersonic flight has
no impact on the movement of ground vehicles or ground access.

4.3.1.2 Access to Non-Military Aircraft:

Access to the airspace making up the Gandy Range Extension is of concern to
private pilots traversig the area and to State and Federal wildlife
agencies who travel through the area while performing aerial censuses of
wildlife. Since the airspace is designated as a MOA and an ATCAAA, the
Gandy Range appears on aviation maps to inform pilots that the airspace is a
Joint usage area (may be under military or FAA control). The area is
designated as such on aviatio)n maps with the objective that the potential
for conflict between military and civilian aircraft be minimized. When at
15,000 feet AGL or above, all militai•y flights in the snea will be under
radar surveillance by and in -.unLact with the 299th Comaunioations Squadron,
the Utah Air National Guard init with air traffic control, responsibilities
for the Range Conop! Fx. As described in section 2.1 .2, radar coeirage
between 5,000 aria 15,000 feet AGL is available in the northeast and central
portions of the proposeu airbpace, but As lim:ltcd in the southern portion.
Any time the Rarnge Complex is scheduled for military use or is "hot", air
traffic ý)nntrtl respcnsibiliýies wil. switch from FAA to theH 299tb or
"Clover". During these "hot" pevlods Clover monitocrr ell flights within the
restricted airspace and the surrouinding MOAs and ATCAJAS. The Air Force is
now installirg ratmote transmittf.rs in the area otf the I{anly Lo bet'ei
insure radar coverage at all elevations. When the Ddlitary schedules a MGA,
such a3 the Gandy FOA, the FAA puts out a Notice to Ainrmn (NOTAM) that the
A4OA has been aotiveted. Any -ummercial or private pilots flying in the area
under Instrimtnt Flight Rules (IFR) would be notified of the activation as
tiould any pilot filing a pre-flimght plan. Because it is a MOA eind ATCkAA,
all irilitavy iircraft flying in the Gandy Airspace a.,e •-equirad to operate
unuer Visual Flight Fulei (VER. beoause of the possible presence of civilian
aircraft. Likewise, eivilI2n alter'aft are iequirad to operate under VFR
beczause o'f tle millhary aircraft, Akl.cbugh increased uonge of the Gandy
airspa,'e by military aircraft (as will probably cour if approved for
suýersonin speeds; may make the 'area less attractive co civilian pilots it
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will not negate the Joint usage policy now existing. The portion of the
proposed supersonic flight airspace outside the Gandy Range Extension is
within airspace restricted for military operations.

4.3.2 Recreation Plans:

4.3.2.1 Wilderness Areas:

The Wilderness Act of 1964 MPL 88-577) established a National Wilderness
Preservation System consisting of wilderness areas to be designated on
federal lands. Wilderness as described in the Act, is to be ". . . an area
. . . untrammeled by man . . . with the imprint of man's work substantially
unnoticable . . . (and that) has outstanding opportunities for solitude . .
." The Act further provides that "there should be no . . . permanent road,
. . . no use of motor vehicles, motorized equipment, or motor boats, no
landing of aircraft, no other form of mechanical transport, and no structure
or installation within any such area."

A portion of the Deep Creek Mountain range was identified by the Bureau of
Land Management (BLM) as an inventory unit possibly having these
characteristics as defined by the Wilderness Act of 1964. As suich, field
inventories of the area were conducted to determine the presence of absence
of these qualities. As a result of this inventory, early in 1980 BLM
idantified a portion of the original Deep Creek Mountain inventory unit as a
Wilderness Study Area (refer to Figure 10.0).

Since a portion of the Deep Creek Mountains has been identified as a
Wilderness Study Area (WSA), a study will be conducted as part of a
comprehensive land-use planning effort by BLM. During this study phase, the
public will have several opportunities to comment upon other resource values
within the WSA. These comments will be considered in making land-use
decisions prior to subsequent recommendations to the President and Congress
on the area's suitability or nonsuitability as Wilderness. Because the area
has been identified as a WSA, it does not mean that it will be recommended
as suitable for final designation as such by Congress. However, the BLM is
required, under Congressional guidelines, to manage the WSA during the study
phase to preserve wilderness value until a final determination on
wilderness suitability or unsuitability is made. During this time,
cootinuation of existing mining and grazing uses will be allowed, but
actions (regulatory or otherwise) will be taken to prevent unneossary or
undue degradation of the lands and their resources.

It is not anticipated that the proposed supersonic activity would involve
any irreversible damage to the unique qualities of the Deep Creek Mountains.
There would be no landings of aircraft in the area, no dropping of live or
inert ordance, no ground vehicles or equipment which might tend to conflict
with a wilderness area. Also, when comparing Figure 10.0 to Figure 8.0, it
can be seen that the elliptical training areas where sonic booms are
expected to be generated are not located over the Deep Creek Mountains WSA.
The altitude of .hese mountains make the airspace above unattractive for air
combat maneuver ;raining.
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The Mt. Moriah unit of the Humboldt National Forest, less then 10 miles
south of the Gandy Range Extension, has also been identified by the U.S.
Forest Service for further wilderness study. The closest actual air-to-air
combat maneuvers will be concentrated in an elliptical area 14 miles from
Mt. Moriah. With the aircraft speeds and altitude proposed, shook waves
will be refracted back into the atmosphere before traveling the 14 miles to
Mt. Mortah.

4.3.2.2 National Park Proposal:

The State of Nevada has informed the Air Force that the area of the Snake
Mountain Range, adjacent to the south end of the Gandy Range Extension, is
being considered for the site of a proposed Great Basin National Park. The
north tip of the Snake Range is shown in Figure 7.0 and does reach the
southern boundary of the Gandy Range Extension. Under normal operations,
the closest air-to-air training will be accomplished some seven miles north
of this boundary with sonic booms created at about 20,000 feet MSL and at a
speed of Mach 1.1. Under these conditions sonic boom overpressures will be
refracted back into the atmosphere almost three miles short of this
boundary. At higher speeds and higher altitudes this boom overpressure will
impact more ground area, but will also weaken as it travels. Both the Rocky
Mountain and Western Regions of the National Park Services will be provided
the opportunity to comment on the proposed action.

4.3.2.3 General Recreation:

Recreational activities now taking place in the land area beneath the
proposed supersonic flight airspace are of the outdoor, individual, or small
group, wilderness experience nature. These activities include hunting,
hiking, horse riding, camping, nature study, etc.. These are activities
where the values of unspoiled nature are deliberately sought. Because of
the remoteness of the area, the total number of people participating in
these activities is expected to be small. Noise created by sonic booms
would probably be annoying to some of the recreationists. The booms would
be of very short duration and would tend to be concentrated in three
elliptical areas located over valley floors as discussed in section
4.1.2.2-1. Recreational actvitis a...ociat.. with e mountainous areas
beneath the airspace would probably be impacted less than those associated
with valley floors. The sonic booms will not involve any irreversible
damage to the recreational capacity of the area. This annoyance is
unavoidal le. To the fullest extent possible, based on mLssion requirement,
sensitive periods such as nightime and generally we.',nds, would be avoided,
thus further mitigating possible annoyances.

4.3.3 Wildlife Mangement Plans and Policies:

Wildlife agencies have expressed concern over the possible conflict between
the supersonic flight proposal and plans to reintroduce wildlife into the
area. BLM and the Utah Division of Wildlife Resources are considering
reestablishing bighorn sheep and the peregrine falcon in the Deep Creek
Mountains. BIM may also introduce about 20 antelope near the Deep Creek
Mountains, an, intends to develop Salt Marsh Lake, east of the town Gandy,
as a waterfowl habitat. Although flying operations, particularly with jet
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aircraft, always have the potential for bird strikes, these operations
already exist and have provided no indication of significant bird strike
problems in the area. Even considering Salt Marsh Lake, the overall land
area has limited attractions for large numbers of feeding or nesting birds.
Studies referenced previously, indicate that sonic booms themselves should
have no adverse impact on birds or other wildlife that ray be reintroduced
into the area beneath the proposed supersonic flight airspace. The impact
of sonic boomas on wildlife was addressed in section 4.1.2 of this document.

4.3.4 Puture Development:

The State of Utah has expresned their concern that the proposed action would
devalue those state lands acquired from Congress for the development or
benefit of state institutions. They contend that any infringement on the
potential for development by any agency would be in direct contrast with the
1894 mandate of Congress that; set the lands aside. The impact of the
proposed action on long-term development is discussed in the next section.

11.4 Relationship Between Local Short-Term Uses of the Environment and
Maintenance and hancement f Long-erm Productivity:

Some or the State and Federal agencies contacted have voiced conoern over
the proposal based upon the potential for adverse impact the noise might
have on wildlife, land values and recreational opportunities. Visitors
traveling through the area are often attracted there because of its quiet,

9"1 __ .1 - - - -
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concentrated sonic boom activity could adversely impact the future
development of wildlife program3, recreational opportunities, and land
values in the area, and result in these interests not being fully3 leveloped.
In 1980, a contractor working for the Air Force finalized a study on the

economic impact of sonic boons on four existing supersonic flight MOAs. The
four MOAs, Sells in Arizona, White Sands in New Mexico, Desert in Nevada,
and Gladden in Arizona, had oxperienced supersonic activity since 1968,
1969, 1974, and 1977 respectively. The evidence obtained by this study
allowed the contractor to make the following conclusions with respect to
the impact of Air Force sonic boom activity:

(1) There was no influence exerted on population changes.

(2) There was no significant impact on employment and labor force
growth in the study areas.

(3) There had been no loss of personal income, or slow down of growth
which would have resulted in negative not improvements.

(4) There was no impact on the ability of retail trade to expand.

(5) There was no influential role played in assessed valuation changes
within any of the seven counmies of the four active supersonio flight. MOAs.

(6) There was no impact on iw.rovements in land values.
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(7) The tourism industry in the study area had not been significantly

impacted.

(8) There was no significant impact on the cattle ranching industry.

(9) There was no significant impact on the mining industry.

It is anticipated that the economic impact on the land area beneath the
proposed supersonic flight airspace would be similar to that exhibited
beneath the four study MOAso The land areas beneath the four MOAs exhibit
numerous similar characteristics to that beneath the airspace under
consideration and in some instances have facets that would appear to be more
sensitive to possible impacts (i.e., retirement home developments and
tourism). Also, outside of the possible wildlife programs discussed earileC
and the wilderness study proposed for a portion of the Deep Creek Mountains,
there appears to be little indication that there are any significant plans
for the future development of the land area beneath the proposed airspace.

The short-term impact of sonic booms on wildlife has been shown by several
studies to be minimal. To date no studies have indicated any adverse
long-term effects on wildlife.

4.5 Irreversible and Irretrievable Commitments of Resources:

There are no known irreversible or irretrievable oomitments associated with
the use of the proposed airspace for supersonic flight.

4.6 Action Taken or Proposed to Mitigate the the Adverse Environmental

Impacts:

The following actione have been taken to minimize the impact of sonic boom
activity on the environment beneath and near the proposed supersonic flight
airspace.

4.6.1 Area Altitude Design:

To minimize noise disturbances even in remote, sparsely populated areas, the
minimum altitude for supersonic flight has been proposed at 5,000 feet above
ground level. This minimum altitude was selected as a compromise to allow
realistic training while minimizing the impact of sonic boom activity on the
area environment.

4.6.2 Minimum Weekend/Holiday Area Flying:
0

Use of the area for weekend/holiday supersonic flight training will be
minimized. The policy for scheduling air combat training will be to first
utilize that airspace already approved for supersonic flight which is
located over DoD owned land. This airspace will generally be able to handle
weekend/holiday supersonic flight training. This will minimize the noise
impacts on the irea during periods when the majority of people are
participating J i reerf ition, w'ekend retreat and tourism activities.
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4.6.3 Damiae Claims:

The Air Force will consider paying claims for alleged damage to private
property resulting from sonic booms caused by Air Force operations.
Generally, the amount paid for substantiated claims is based on the repair
or depreciated replacement cost, whichever is less. The Air Force will also
consider claims for personal injury resulting indirectly from sonic booms,
although occurrences ot' this nature are extremely rare. The Claims Office
at Hill AFB can provide required forms and information concerning elaims
policies and procedures. Claims and inquiries should be addressed to:

00-ALC/JA
Hill APB, uT 81056

It is the policy of the Air Force that whenever its non-combat activities,
including sonic booms, cause damage, it will make payment of fair amounts
for that damage. The claimant need not prove negligence on behalf of the
Air Force or any of its members in order to receive payment. The claimant
need only prove the cause and iffect relationship between the sonic booms
and the damage. Claimants can assist by making a record of the exact time
when the damage occurred and/or a sonic boom was heard. Sonia boom damages
can be repaired immediately at the claimant's expense. Actual repair
costslestimate should then be forwarded to the Hill Claims Office with
required Air Force claims forms. Claims for damage may not be payable if
(1) there was no Air Force activity being conducted at the time the damage
ouutirru or %, Lho udaag~e ruau3teci n rum Ubota u(auba, fr uLeexample,
structural deficiencies.

4.6.4 Considerations that Offset the Adverse Environmental Effects:

The F-16 is a lightweight single engine, multirole tactical fighter
configured for both air-to-air and air-to-ground operations. The aircraft's
small size and low weight enable it to operate from any airfield with an
improved runway now being operated by the United States Air Force. The F-16
weapons system is essential for national security. Peaoetime training is
designed to optimize wartime combat effectiveness and survivability. Due to

V~8 a~AVUP~.U LLU U5 U U&AULL'C ULV1J.O%1.1.;O 16P. %AIV r- V OJAY~jiUIB'JILJ % .LJ54&u LO
required if pilots are to effectively employ the aircraft in the role for
which it was designed and procured. The availability of adequate supersonic
flight airspace insures that realistic F-16 training is accomplished in a
timely, operationally effective and economical manner. Realistic tactical
flying training is the keystone of the readiness and combat capability of
tactical airorews. Peacetime training programs tailored directly to
expected wartime threats are essential to the mission of the Air Force and
thus the National Defense.

Supersonic flight training in the proposed supersonic flight airspace would
directly enhance the combat capability of the 388 TFW by increasing the
quantity and quality of realistic training airapace. Combat ready pilots
would be able to fully explore the aircraft performance capabilities and
develop, practice and refine sound combat tactics and habit patterns in the
supersonic flight regime - the employment regime required for combat
effectiveness and survivability. Increased supersonic flight training would

62



be locally available so that costly and operationally unsuitable
alternatives such as inflight refueling and satellite operating bases to
allow use of distant supersonic flight training areas would not be required.
Assuming that no action would be an unacceptable alternative due to its
potential adverse impact on the combat capability of the 388 TFW, the use of
the study airspace for supersonic flight training would have minimal impacts
on the local environment although sonic boom noises could be annoying to
some residents.

4 .7 Details of Unresolved Issues:

Because of the area's rural population and remoteness, area residents are
accustomed to a life style free from encroachment of modern civilization.
At the time of this document's preparation, the Air Force had contacted only
those State and Federal agencies identified under section VII of this
document. Issues identified by these agencies have been addr-essed in the
text of this document. There have not yet been any other public
announcements or public meetings on the proposed action. Individuals living
within the area could well express fear that sonic boom activity will damage
human and animal populations, area structures and generally retard any
future economic growth of the area. The Draft Environmental Impact
Statement will be filed with the Enviromnental Protection Agency and made
available for public review and comment. Comments received during the
public review and comment period will be addressed in the Final
Environmental !mpact Statement as necessary.
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Capitol Complex
Carson City, NV 89710

69



Nevada Diviaion of Historic Preservation and Archeology
Room 113, Nye Building
201 South Fall Street
Carson City, NV 89710

LOCAL
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1522 K Street NW
Washu.ngton, DC 20C05

Bureau cf Indian Affairs, Eastvrn Nevada Agency (3 ooples)
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WaminWgton, DC 202OI
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Federal Aviation Administration
Director of Environment and Energy
800 Independence Avenue, AW
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Federal Aviation Administration, Western Region
Mr Royal Mink, AWE-4
PO Box 92007
Worldway Postal Center
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Federal Aviation Administration, Rocky Mountain Region
Planning Officer, ARM-4
101155 East 25th Avenue
Aurora, CO 8UJ010
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Denver, CO 80225

National A&aronrutics and Space Aduini.trati'c.n
Director, Off loe of Policy Lnaly.is
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655 Parfet Street.
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National Park Service, Western Region
450 Golden Gate Avenue
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San Francisco, CA 94102

Director, Office of Federal Activities
Environmental Protection Agency
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Washington, DC 20545

U.S. Forest Service
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U.S. Fish and Wildlife Service
Federal Building, Room 1311
125 South State Street
Salt Lake City, UT 84111

Publio Aft irs Office
57 FWW
Nellis AFB, NV 89191

OTHER AGENCIES

Aircraft Owners and Pilota Aseociation
7?15 Wisoonsin Avenue
Washington, DC 20014

Duokwater Shoshone Tri'"j
Tribal Government Office
Duckwater, WV ..913.

Dan Murphy, Chairman
Goshutle Indian Tribe
Tbapah, UT 84034

Sierra Club, Utah Chapter (2 copies)
Foothill Station
PO Box 8393
Salt Lake City, JTt 84108
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INDIVIDUALS:

Riohard Nelson
Roy, Ut 84067

Reed Robison
Ely, NV 89301

The DEIS is being provided to all parties contacted regarding the proposal
or from whom correspondence has been reoeived. Copies of' the DEIS will also
be provided to the following libraries to increase its public availability.

Utah State Library Commission Nevada State Library
2150 South 300 West 410 North Carson Street
Salt Lake City, UT 84115 Carson City, NV 89710

Tooele Public Library Elko County Library
47 East Vine Street 720 Court

Tooele, UT 84074 Elko, NV 89801

Nephi Public Library White Pine County Library
54 North Main Street Campton
Nephi, UT 84648 Ely, NV 89301

Fillmore Public Library
96 South Main
Fillmore, UT 84631
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APPENDIX A

PROPOSED SUPERSONIC FLIGHT AIRSPACE
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APPENDIX B

SUPERSONIC AIRCRAFT AND SONIC POW

PREFACE:

Introduction of advanced airoraft such as the F-15 and F-16, designed to
operate at supersonic speeds in combat, has created a need for oonducting
realistic training at these apeeds. One result of supersonle flight is the
creation of a wave of compre;ssed air in front of the aircraft. This is
heard and felt, as a sudden loud impulse noise and is called a "sonic boom."
The purpose of this appendix is to disuOss causes and typOes Of sonic booms,
and their potentidl environmental and physiological effects.

SCOPE:

Sounds are atmospheric disturbanoes detected by the human ear through
changes in air pressure on the ear drum. These pressure changes are
extremely small and are propagated through the air at the speed of sound--
ab8ut 760 miles per hour at 3tandard sea level pressure and temperature of
59 F.

A sonic boom may be defined as an acoustic phenomenon we hear when an object
exceeds the speed-of sound. When the speed of an aircraft is faster than
the speed of sound, the air in front of the aircraft is compressed, forming
a shockwave. An Individual actually hears the change in pressure when air
molecules are first compressed and then returned to a more normal state.
The pressure differential across the shook wave is relatively large (larger
than that produced by speech pressure changes) and is very sudden. As a
result the human ear perceives the rapid ohange in pressure as an impulsive
type sound very much like the crack of a whip or a rifle shot.

With the spectacular rise in the maximum speed of military aircraft in the
last three decades and the need to adequately train and maintain military
pilot proficiency, sonic booms have become an increasing phenomenon in
various parts of the United 3tates. Because a sonic boom manifests itself
as sound to thehu If az -r . -L- I .- -I- --- 946 -&16 &AA- -4-1"-d -1 -'- -

change in pressure that may i'ave an effect on people, struotures, animals
and wildlifa. The most impo'tant efforts are obviously those that man
experiences; however, we nueia also be concerned with effects in other areas
as well.

Since the late 1940s when airoraft first broke the so-called "sound
barrier", studies and experiments have been conducted primarily to determine
the effects of sonic booms oa people. During the fifties and sixties an
sonic booms became more prevalent in the United States, studiws were
expanded to include the effect on structures. Studies have also been made
to determine the effects of sonic booms on domestic animals, livestock and,
more recently, on wildlife. The discussion which follows will suim rise the
background and the lateat available information for sonic boom.
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BACKGROUND OF SONIC BOOM THEORY:

The movement of bodies at sp-aeda greater than the speed of sound has been
studied for well over 200 yeirs. Forces produced by gunnery projectiles
were determined at speeds up to Mach 2 (twice the speed of sound) as long
ago as 1742. Ernst Mach, a ,rofessor of physics in Vienna, published papers
as early as 1887 encompassing both mathematical and experimental studies of
supersonic flow. Studies by Prandtl (1907), Meyer (1908) and Ackeret
(1925) were precursors to thu virtual explc.ive rate of progress in the
study of supersonic flow dur:Lng the thirties, forties, and fifties. From
1959 to 1964, after aircraft routinely achieved supersonic flight, a great
deal of experimental work wasi done in wind tunnels and In flight tests to
investigate the validity of ;he basic theories previously developed.

Sonic booms may sound the same to the human ear; however, as early as 1947
Rayesx derived a mathematioas. model subsequently called the "Supersonic Area
Rule" which demonstrated that each aircraft or supersonic projectile
generated its own particular pressure source which was dependent on the area
cross-sections cut out by the Mach wave. Figure 1 is a simplified drawing
of the pressure wave generatod by a body in supersonic flight. The pressure
signature is referred to as an N-wave because of the characteristic shape of
the signal as recorded on eloctronic monitoring devices. In 1952, Whithamx

enlarged on the cross-section idea and developed a formulation which
combined the individual pressure sources making it possible to calculate the
pressure field of real aircraft configurations. These calculations only

sr ed , . .. s. I .... to e"oni v 0 1unt.AS a tn tZ 4 4.t

~j~.Z~LIAI VA IIi VJL W~ L LVJU W&~ WILý .4.IV ~~A L RAJAVU o. U.~I,L = VLL1 Ig j V t

distant disturbance field. Subsequent work by Busemann in 1955, Walkden in
1958 and Morris in x1960 cons;.dered the lift distribution created by the
fuselage and wings. The end result of all these later investigations was to
show that at low altitude, the lift effects were relatively unimportant but
for large airplanes at high altitudes the lift effects became dominant.

Other factors such as atmospheric variations also have an effect on the
magnitude of sonic boom overpressure. Atmospheric pressure and temperature,
like the speed of sound vary with altitude. In the early development of
sonic boom calculations, no detailed analytical method would account for
•.tmospheri variations. it ias assuzmed that flight w• -in aomg ,,u
atmosphere. Today, however, there is extensive information available to
help determine atmospheric effects on sonic booms.

In 1964, H.W. Carlson of NASR and the Boeing Company developed digital
computer methods and programs to calculate a realistic source distribution
that could be applied to computation of the distant pressure field. The
distant pressure field or far field is the pressure normally heard by an
individual as the sonic boom sound or noise. The far field pressure (WP)
can be calcualted using a simplified formula developed by Carlson and
Maglieri of NASA'. The simplified method is explained in detail at the end
of this discussion and some zepresentative overpressures calculated.

B-3



-~% 7Q!~ r,,wt

Shock Waves, ~t..C~t~~~f (AP Decay Dependent

An Distance)

(AP Otr-uy Dependent
Only an Distance)

Figure 1. Simplified Sonic Boom blagrain Showing tXflhiavetm



SONIC BOOM CHARACTERISTICS:

Straight and Level Flight:

A supersonic aircraft in straight and level flight produces a sonic boom
pattern on the ground which oan be likened to a moving carpet. The
intensity of the sound and overpressure at ground level generated by the
boom is largely dependent up)n the altitude and airspeed of the aircraft.
Peak overpressures occur directly under the centerline or the aircraft,
diminishing at the edge of t:Ae carpet to approximately 0.5 to 1.0 pounds per
square foot. Figure 2a is a depiction of a "carpet" type boom.
Occasionally, multiple overpnessures ocour in the same are&. These are
produced by shock waves emitted from the front and rear of a single aircraft
and recognized as two closely spaced booms of similar intensity.

Although a sonic boom is produced when an airplane is supersonic, not all
booms will be heard on the g_-ound& The atmospheric air temperature
decreases with height above ground. This temperature gradient acts to bend
the sound waves of a sonic boom upward. Depending upon the aircraft height
and Mach number, the paths of many sonic booms are bent upward sufficiently
that the boom never reaches ground level. The heights and Mach numbers
produced during F-15 combat maneuvering are such that less than one boom out
of every three produced is likely to be heard at ground level. This same
phenomenon also acts to limit the width of those sonic booms that do reach
ground level. The maximum lateral distance reached by the booms is normally
designated as the lateral cutoff distance.

9$9

Figure 2a - Sonic boom ground-pressure patterns. - %Carpet Boom"
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Maneuvering Flight:

The majority of superzonLc flight for fighter type aircraft is directly
assooiated with air combat maneuvering training. Airspace required for

a normal engagement of two aircraft is usually represented as a vertical

cylinder of airspace with a clameter of approximately 8-10 nautical miles.

(This diameter represents the: approximate maximu.m distance one can see

another fighter aircraft with the naked eye. In practice, art elliptical

rather than circular uross section is more representitive of the airspace

required.) Su.iersonic flight. is confined within this airspace. The

maneuveri.ng during an engagerient is oriented toward the vertioal within the

airspace of the cylinder. E&tch engagement may last from two to four minutes

and at its conclusion the aircraft reposition for the next engageMent. This

repositionlng prccess may take from three to five minutes at subsonic
speeds. Two to three individual engagements may take place durirg a single

training period and involve esther two or, at a maximum, four aircraft.

Sonic booms generated by this training nny differ considerably in area

impacted and intonsity from the "oarpet" boom produaed by a single aircraft

in straight and level flight. Some of the booms may bo intensified by
interactions of the various prc-•.sure waeo fronts 3enerated. These are
sometimes called "focu6 booms".

Focus Booms:

Supersonic activity that occurs during air cumbet maneuvering or

acceleraticn may produce whht is often raferred to as an intensified or

focused boom. These intensified booms can result from various airplane

maneuvers which result in pressure buildups at ground level above the

pressure created by the aircraft in steady rectilinear flight. In general,

the total ground area receiving such sontc booms from air combat maneuvering

is substantialy reduced from that impact by "carpet" booms. While tte area

of these "focus" booms is small (a few hundred feet wide and limited in

length) when compared to the "carpet" boom, the intensity and overpressure

may be higher than a "carpet" boom by a factor of two to five. Duration

does not vary significantly. The "focus" boom will odly affect a fixed area

on the ground, i.e., the boom does not move along the surface with the

aircraft as does a "carpet" boom. In each maneuver, pressure buildups oncur

in the localized regions suggested by the shaded areas shown in the sketches

in Figure 2b. Illustrated are three types of maneuvers which could result

in pressure buildups at ground level (a longitudinal acceleration, a 90

turn and a pushover maneuver). The effects can be minimized by reducing

acceleration rates and turn rates. The turn focus does not always reach the

ground if a large radius turn is used. The pushover focus does not always

reach the ground if a small curvature of the flight path is used. Pull-up

maneuvers and deceleration do not produce a focus boom.
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Figure 2b - Areas on the ground exposed to focused sonic booms resulting

from three different airplane maneuvers.

Combined Maneuvering:

Air-to-air intercept training events, as a part of combat air maneuvering
training, present tfie worst situation in regard to sonic booms and their
possible effects on the ground environment. This training event initially
employs the aircraft's radar system to acquire and engage a target aircraft
and combines straight and level flight (sometimes at supersonic speeds) at
medium and high altitude until visual engagement maneuvers are initiated.
Traces of a number of flight paths of F-15 aircraft at the Ocean MOA show
that, except for this entry andGexit, maneuvers are concentrated in an area
roughly of an elliptical shapo. The origin of the ellipse is midway
between the two navigational reference points where radar contact between
the opposing aircraft began. These two points are generally about 40 miles
apart and the major axis of the ellipse is along the line connecting them.
For F-15 aircraft the elliptical maneuvering area is approximately 20 miles
wide by 34 miles long. Within this area, supersonic flight is contained
within a smaller ellipse, with the same origin and principal axes as the
larger. Traces of represontative flight tracks show that in the Ocean&
data, an aircraft can be at any location within the ellipse during a sortie.
The radar portion of the intercept is complete upon simulated missile

release. The engagement then often continues as a visual air combat
maneuvering engagement with both aircraft still supersonic, but now within
the elliptical airspace with maneuvering oriented to the vertical. Thus,
the air intercept portion of combat air maneuvering training may result in a
combination of the "carpet" sonic boom and additional "focus" booms in one
event.
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Upper Atmosphere Praaý.tion (Secondary Boom Carpet):

Another factor that should be mentioned in sonic boom characteristics is the
long range "over-the-top" sonic boom propagation in the upper atmosphere.
In most instances of supersonic flight activity there are actually two
patterns of exposure detected at ground level. Ttse two patterns can be
designated the primary and sF,-condary boom carpets'. The primary boom carpet
is formed by the normally obnerved sonic boom overpressures resulting from
shock wave propagation throuj;h the atmosphere below the aircraft. The
center of this carpet is directly beneath the flight track and exten-'s out
laterally as far a3 the cutorf distance. The secondary boom carpet is
generated from shock waves that are moving upwards until they roach that
region of the atmosphere where temperature increases as altitude iioreases
(the inverse condition to what normally occurs at lower elevations). In
this area the shock waves are refracted back toward the ground. These
upward moving shock waves can be generated in the atmosphere above the
aircraft or they can be generated from the shock waves orginating below the
aircraft after they have bounced off the ground (inside the primary boom
carpet) or have been refracted upwards without touching the ground. The
secondary carpet can be pictured as an oblong doughnut sitting around the
primary carpet. Between the primary and secondary carpets there exists a
region in which no sonic booms are observed.

In the region of the primary boom carpet, on or near the ground track,
N-wave type signatures are typically observed with overpressures in the I to
5 psf range and durations of 100 to 300 milliseconds. At the fringes of the
primary boom carpet, near the lateral cutoff, the signatures degenerate
into weak sound waves, aud they lo-ge their N-wave ch"araters tlc. In the
region of the secondary boom carpet, the disturbances tend to be Aery weak
in intensity (0.001 to 0.01 psf) but persist over longer periods. It is the
higher overpressure N-wave-type sonic booms that have caused community
acceptance problems. On the other hand, the lateral cutoff booms and the
secondary carpet bcooms tend to be more of a curiosity and are not apt to
cause comuminity response problems. The secondary carpet booms are generally
not even audible, but can cause building vibrations which may be observed.
Because there is generally no significant impact associated with the
secondary boom carpet, it will not be discussed further.

TII UAT 1DWQ Dnk7QW: •

Of the many field studies conducted to better understand community response
to sonic booms, the three most extensive were conducted over St Louis,
Oklahoma City, and Edwards Air Force Base.

St Louis, Missouri -- during the early 1960s, St Louis was exposed to sonic
booms over a seven-month period. A total of 76 flights of supersonic
aircraft were made (with several aircraft per flight), producing
over-pressures up to 3 pounds per square foot (psf). After the flights, a
random sampling of residents revealed the following:

- About 90% experienced some interference with speech, activities, etc.

- About 35% were annoyed.
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- L.ess than 10% contemplated complaint antion.

- k fraction of 1% actually fx.le4 a fortal ci•plaint.

- The number of formal complaints was proportioral to the number of
supersonic missions, i.e., as missions progressed, formal oomplaints
increased.

- A large proportion of form!a complaints mentioned building damage.

- go adverse physiological effects wiare noted,

Oklahoma City, Oklahoma -- Slightly more than 1250 sonic bootas were
generated over Oklahoma City during the spring cund summar of 1964. The
average weekly intensity of over-pressure. was increased from 1.13 psf to
1.60 psr over the poriod of thý. test. Over-presoures during the tent ranged
from 0 to 3.5 psf. Alwst 3000 adult., representing a cross-section of
local residents, were intervi.ewed three times during the six-month test.
flased on responses to variotr) questions asked during the interviews, the
group was divided into those considered "favorably disposed toward aviation"
and those classified as "uafavorable" similar to those found in the St. Louis
test. There ware exceptions, however, as indicated below:

- About 3% of the "favorable" group felt like complaining about the
booms and lees than 2% actually did, while 37% of the "hostile" group felt
like omplainxng and 12%b did.

- At end of the test, 73% of the total group felt they oould learn to
live witn eight booms per day indefinitely.

- Reactions of urban and rural residents to sonic booms were essentially
the same.

- Persons who filed forral complaints with the FAA were much more
intensely annoyed and hostile toward the supersonic aircraft than were
non-complainers. These individuals reported 3 to 4 times more sonic boom

%I tJIL JhJ, AJi. VIM VLUAV.. LWVA -3 CUiLAWY CLL.ý , S V J VW SLU J.4J ' ~
complain and 3 times more damaage by booms. They placed less importance on
aviation in general, the necessity of supersonic travel or the necessity of
local booms. Complainers were more often middle-aged females with older
children and smaller familie:3. They generally had more education and income
and more often had ties with the aviation industry. About 40%, however,
felt they could learn to live with eight sonic booms per day.

Edwards AFB, CaliforniaC -- In 1967, residents from the base and two nearby
communities occupied indoor and outdoor test sites and reported their
physiological reactions to sonic boom over-pressures in the range of 1 .5 to
3.0 psf. Test results were as follows:

- Those indoors reacted to an over-pressure of 1 .69 psf as unacceptable
in the follow rng proportion: 50% of the residents from the two communities;
27% of the re-idents from the base.
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- Tffe outdoors reacted to an over-pressure of !.69 pnf as
unacceptable: 59% from the two communities; 33% from the base.

- Including all tests, outdoor listeners found booms slightly, less
acceptable than indoor listeners. Additionally, reaotion of outdoor
Iisteners was more consistent.

- Age and sex were not statistically significant parameters in the
rating and sonic boom repetitions did not increase acceptability.

Physiological effects of soni.c booms have been studied in several countries
and over a variety of human conditions.

In Russia, tests were conducted to determine the effect on brain and heart
potential, blood chemistry, arterial pressure, auditory acuity and visual
response delay. Results showed that sonic boom intensities of up to 1.72
psf cause very slight shifts in these human functions. These shifts did not
exceed the normal range of fluctuation and returned to normal in one to two
minutes.

The University of Toronto Insitute for Aerospace StudiesE exposed
individuals to 25 sonic booms per minute for two m'inutev at over-pressures
of 2, 4 and 8 psf. Results showed that booms of up to 8 psf had no
detrimental effect on human hearing or heart rate, but that over-pressures
of 4 psf would be considered unacceptable to most people. Impacts of
ovur-preusuiegreae than* LLdL pa warG not,% exaU.LUeu

The committee on Hearing, Bioaooustics and Bipmeohanics of the Na'.lonal
Academy of Science, National Research Couneil- published damage risk
criteria recommending limits to peak impulsive noise levels as a function of
impulse duration for a nominal exposure of 100 impulses per day. For
impulse noises such as the sonic boom the limit is 140 db which equates to
approximately 4.17 psf booms. This criteria is designed to protect
individuals from experiencing a permanent threshold shift in hearing over a
long term (20 years) period.

Tests have~ been nronuiuct'I- . t~n A~tAirninA tha effnt nPf ann in hnrma nn .1 apT
task perforrancea, loudness annoyance and startle acceptability and many
other areas. The Sonic Boom Literature Survey encapsulates 92
investigations in the human r.esponse to sonic booms. The following general
conclusions can be drawn from these tests:

- The most frequently reported complaint in regard to sonic booms is
house rattles and vibrations.

- Booms of similar intensity are slightly less acceptable to listeners
outdoors.

- In all tests conducted thus far there has been no evidence of direct
personal injury resulting from sonic booms.
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- On the basis of experi-nantal evidence to date, an acceptable souis
boom over-pressure compatible with undisturbed sLeep cannot be given.

- Some experiments have ahown a tendency for sonic bo1> exposure to
degrade the performance of cartain visual and motor tasks, while other tests
have shown no effect on performance. The response is dependent upon the
individual subject and the sonic boom over-pressure.

At the request of the U.S. Eivironmental Protection Agency, the Committee on
Hearing, Bioacoustics and Biomechanics (CHABA) of the National Academy of
Science has reviewed the available data on human response to sonic booms and
has recommended a procedure ror assessing the impact of sonibooR3 ms and
other high-energy acoustical impulses on residential living. '" This
procedure relates percent of a population that would be expected to be
highly annoyed by the sonic Nom environment to the C-weighted day-night
average sound level (abbreviated as CDNL) in decibels. This measure is the
long term average of the C-weighted sound levels accumulated over a 24 hour
period, with a 10 decibel penalty to events that occur after 10:00 p.m. and
before 7:00 a.m. The C-weighting is a standardized frequency response found
on sound level measuring equ:.pment. The C-weighting puts more emphasis on
the sounds of low frequencie:3 than the A-weighting used for more common
sounds such as traffic noise or subsonic airplane noise.

The CDNL for sonic boom expo:aure:3 can be calculated from the expression:

LCdn ` LCE + log 1 0 (W( + 10 Nn) - 49.4

Where L is the logarithmic average of the C-weighted sound exposure level
of indifdual booms, N is the number that occur between 7:00 a.m. and 10:00
p.m., N is the numberdthat oocur from 10:00 p.m. until 7:00 a.m., and 49.4
is ten ýimes the logarithm of the number of seconds in a 24 hour day,
relative to a one second reference period. An equation to calcuiate
C-weighted sound exposure levels is given for the F-16 on Page B-26.

The relation between CDNL and the percent o? a population that, on average,
would be highly annoyed is:

Pý&(ent

CDNL Highly Annoyed

50 3

55 6

60 12

65 23

70 39
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STRUCTURAL RESPONSE:

Following are general oboervLtions from 100 investigations of structural
response to sonic booms.

- The largest percentage o& sonic boom damage claim has been for glass
damage. Plaster damage is second.

- The direction of boom propagation in relation to the orientation of a
structure is very important.

- Sonic booms with over-pressure of 3 psf to 5 pef can cause minor
damage to plaster on wood lath, old gypsum board and bathroom tile, new
stucco, and suspended ceilings already damaged,

- A supersonic t'light wh!.ch produoes 1 psf over-pressure can be expected
to break 68 per million exposed glass panes. Breakage will occur almost
entire]y in already cracked iindows. Breakage rate of new glass properly
installed should be about 1 pane per million.

- Seismic effects resulting from sonic booms are well below structural
damage thresholds.

Three large scale tests account for the bulk of recorded data available in
describing structural respon:3e to sonic boom over-pressure. These include
the OkLahoma City and ..dward;. ^7B tc-ts mentioned previously and a test
conducted at White Sands in 1965.

Oklahoma City, OklahomaG -- Eleven typical types of residential structures
were instrumented and exposed to eight sonic booms per day at over-pressures
of zero to 3.5 psf. Tho test program consisted of 26 weeks of eight daily
controlled sonic booms having intensities in the range 0 - 3.5 par (medium
peak over-pressure of 1.2 psf) followed by thirteen weeks of observation and
inspection of the structures to dov-ermine the normal rate of deterioration
as compared to the rate of deterioration found during the 26 week sonic boom
period. The major conclusions reached as a result or this investigation

- There was no conclusive evidence of significant damage to the test
hounes. However, there was a significant increase in the occurrence or
minor paint cracking over nail heads and in corners in two of the test
houses during the sonic boom period, suggesting that sonic booms accelerated
this minor deterioration.

- Measured deflection of window glass in the test houses vas not
sufficient to cause damage.

- Maximum free ground over-pressure alone is of little value in making
structural response calculations since the shape and duration of the
pressure wave acting on the structure, plus the natural frequenoy of the
structural element must be -aken into consideration.
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- For a given aircraft producing N-waves of constant length, the impulse
of the wave (positive area under the pressure-time plot) can be more closely
correlated with some structural respcnses than can over-pressure. However,
impulses from one aircraft should not be directly copnred with impulses
produced by a dissimilar aircraft for purposes of Atructural response.

Edwards AFB, California -- _Typioai wood frame heuses, as well as long span
steel frame iadustrial build:Lngs, were instrumented and su5jected ro
over-pressures of two and three psf. Booms with durations of 0.1 second
(fighter aircraft) and 0.2 seoond (bomber aircr-tft) wefre produced t:
determine wall displacement (flexing). The measured plat6 respousa of three
gypsum board/wood stud/wood niding walls and one large plate glass window,
and the measured racking response of two typical woAd frame houses, onc
one-story and one two-story, were analyzed in detail and compared with the
response predicted using boon signatures. The following were the mest
significant findings of this study:

- Sonic booms from large aircraft such as the XB-70 ý4ffect a greater
range of structural elements (those elements with natu,'il frequenciet below
5 cps) than sonic booms from smaller aircraft such as the B-58 and F-104.

- Peak plate displacements of three typical wal is in the two test houses
were less than 0.034 inches for sonic boom over-pressure of' app-oxinmately 2
psf. Racking displacements sere extremely small at the roof' ires of the
two test houses (.005" and .0018") for sonic booms an the order of 2 pst.

- Structural response could be adequately predicted usi.ng peak
over-presziures and Dynamic Amplification Factor (DAF) speatra calfu*atod
from free.-field signatures.

- No sonic boom damage was observed in test st,-uctures prior to or after
the test flights.

- Since the condition of the glass panes at Edwsrds AFB w:.- d-ternirned.
prior to the test program, the number of damaged panes causoi by hoonis 'rom
test missions should be an indicator of glass damage to be expectedý .'rcm
supersonic flights generating peak over-pressores of 2-3 psIf The -ate wds
one damaged pane per 7.9 million boom-pane exposure:s. This rat e was 27
percent of the rate for builcings in communities adjacent to Edwrd63 whoin
were not condition surveyed prior to test mitsions.

- Fifty-eight percent of all incidents of damage for which complaints
were received were listed as possibly caused by sonic booms gene:ated by
test program flights. Of these valid incidents, 80 percent were for glass,
5.5 percent for plaster or stucco, ad 14.5 percent for bric-a-brac or- other
fallen object damage.

White Sands, New Mexico' -- Twenty-one structures were instrumented and
exposed to 1500 booms with ovrer-pressures up to 20 paf. In.ight was gained
into large and small building reactions to sonic boomsý No danzge was
detected for ove'-pressure up to 5 psf, nor w•as there any evidence of
cumulative dama&e effects after a series of 860 successive flights producing
5 psf. One boom of about 40 psf was generated accidentally. The structural
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test area included 21 buildings varying in design, oonstruction, and age.
The following are the most significant conclusions reached as a result of
this study:

- The direction of boom pressure propagation in relation to the
orientation of structure or atruotural element is very important to its
reaction. For example, boom:; traveling directly into a window cause the
window to react more vioientL'y than do booms traveling away from the window.

- The peak pressure recorded on an exterior wall surface is influenced
by the wall rigidity. The stiffer the wall, the higher the pressure.

- Reflecting surfaces such as billboards or houses placed beyond 15 feet
from an external house wall do no significantly modify the peak boom
pressure applied to the wall. Depending on orientation of the wall and the
reflecting surface with respoot to the aircraft flight direction, an
increase in peak pressure can be expected when the reflecting surface is
closer than 15 feet from the wall.

- Motion of the frame holding a window does not significantly influence
the response of large windows framed by stud walls.

- The average transmissibility of large windows (8' x 10'), defined as
the ratio of peak inside to peak outside pressure, can vary between 0.5
(boom wave directed into window) and 1.0 (boom wave directed away from
window).

- The transmissIliiity of a room appeaea to be go-rned morc by the eie
of the window walling the room than by room volume.

- Booms cause exterior walls to move more than interior walls in the
minimum damage index level for walls in small houses, such as those used in
the test. Bellows distortion may govern wall damage for larger houses, but
the associated minimum damage index level for the larger houses could be
larger than that observed in these tests.

- To study the cumulativo effects of repeated sonic booms, 680
successive flights at a scheduled over-pressure of 5.0 psf were generated
during one period of the study. No daamage to pre.v....ely .. A-mtavd aterial
was identified during this period.

- Bricks on the sill below a picture window in one of the test houses
were cracked by the accidental sonic boom. This was apparently caused by
the window flexing outward after being pushed inward by the boom
over-pressure (the glass was not damaged).

The results of the three large scale sonic boom structural tests and several
other tests were analyzed by NASA. In their conclusion they make the
following statement:

The extensive series of overflight tests have provided viluable data
on the order of magnitude of responses to be expected. The tests
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show that building structures in good repair should not be damaged
at boom over-pressur3s less than about 11 lb/ft. However, it is
recognized that considerable loading variability occurs, owing to
atmospheric effects, and that the residual strength of structures
varies acoording to isage and natural causes. Thus, there is a
small probability that some damage will be produced by the
intensities expected to be produced by supersonic aircraft.

One additional investigation is worthy of mention. In 1977 an adobe hous'q
in southern Arizona was iggt-umented and evaluated while superosnic training
was taking place overhead. The conclusion of the evaluation was that the
adobe structure reacted similar to a conventional style structure. Based on
this analysis, there should ':e no difference in the probability of damage to
an adobe structure or a conv,3ntional structure.

EFFECTS ON TERRAIN AND SEISMC ACTIVITY

Several studies have been performedKto study the magnitude o? seismic
effects resulting from sonic booms. One study by Goforth and McDonald
concluded that the static degormation that occurs at the surface is unlikely
to build up sufficiently to oonstitute a menace to structures. As a part of
the analysis, the peak partinle velocity was determined for various
geological formations. The damage potential of the peak particle velocities
produced by the sonic booms :.s well below damage thresholds accepted by the
United States Bureau of Mine:, and other agencies. The peak particle
velocities recorded at a depth of 44 feet were attenuated by a factor of 75
relative to those recorded at the surface. The maximum ground particle
velocity is of the irder of 0.1 millimeters per second for each psf of sonic
boom over-pressure.

There has been some concern ;hat supersonic flig8s over mountainous areas
could cause avalanches under certain conditions. '1n 1967, damage in two
National Parks was attributed to falling earth and rock. In both incidents,
the falling earth and rock wore preceeded by sonic booms. The only test in
the United States to study possibility of avilanches was conducted in the
Star Mountain area near Leadville, Colorado. Eighteen supersonic runs were
Sstudied with over-pressures ranging from 1.5 to 5.2 psf. No avalanche was
observed as a direct result of a sonic boom. Forest Service personnel rated
the avalanche hazard as lo ( during the test period and considered the test
as inconclusive; therefore, the potential for sonic booms triggering
avalanches remains largely unknown.

STATTSTICAL STUDIES OF DAMAGE

Data was gathered from the Oklahoma City and St Louis test as well as a test
in Chicago to Petermine the number of complaints and damage claims submitted
by the public. Data also was used to verify damage claims and dollar value
of olaims paid. Most claims involved broken glass and cracked plaster in
more poorly constructed and maintained homes. Injury 1aims to people or
animals were very few and of an indirect type, such as injury resulting from
falling objec s, broken glass or self injury due to startle.
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From 1956 to 1970, the amount of money claims for structural damage was
$30.6 million while the amount paid was $1.7 taillion. For the years up to
and including 1968, 61% of all paid claims were for glass and 18% were for
plaster damage.

By far, the largest percentage of sonic boom damage claims stems from broken
or cracked glass damage. All of the tests conducted in the United States
have confirm9d that glass damage is the most orevalent damage caused by
sonic booms. Because the mitrostructure of glass is amorphous rather than
crystalline, the practical design strongth of glass is a surface condition
property rather than a constant material property. What this indicates is
that the strength of the glass is dependent on the surface scratch
condition. Glass that has been sandblasted, scratched, or nicked will not
exhibit the same strength as a properly installed, relatively new pane of
glass.

In addition to the variation due to surface scratch condition, there are
also variations with loading geometry, loading rate, atmospheric moisture
content, and composition. Glass also exhibits a property known as "static
fatigue" in that it is weakei, for loads of longer duration. Thus for sonic
boom loading, which has a duration of the order of 0.1 see, the strength of
glass will be roughly twice that obtained in typical laboratory assessments.
By using a data base of unpublished static test results p,'ovided by
Libbey-Owens-Ford Company, a statisti.cal analysis was performed to determine
the probability of glass breakage for various over-pressures. If all flight
paths are considE ed equally likely; that is, the aircraft could approach
from any direction, then the probability oT br'•akage £oz good glass at
various nominal over-pressures is shown below.r

Overpressures Probability of Breakage

1 psf .000001t
2 psf .000023

"*1 panue in 1,000,000 panes

If the aircraft were to approach from head-on or perpendicular to the plane
of the window, the probabilii.y would increase some•wa, as, mo. hcv below:

Overpressures Probability of Br'eakage

1 psa .000023
2 psr .000075
4 psf .001200

20 psf .105000
40 psf .323000

ANIMAL RESPONSE:

Controlled investigations of animal reponse to sonic booms began in 1965
with study of the effect of :iatchability of chicken eggs. It was resumed in
1967 when the response of farm animals to soic booms was studied as part of
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the Edwards Air Force Base sonic boom experiments. Subsequent studies were

concerned with the response 3f cattle and horses to extremely intense booms
(80 to 144 psf), with effects on fish and on reindeer, mink and fish eggs.

The following are general conclusions drawn from investigations of animal

resporse to sonic booms:

- The animal damage claims are a small, fraction of total sonic boom

damage claims submitted to the Air Force.

- Reactions sf farm animals to sonic booms are minimal.

- Evidence indicates that exposure of mink to sonic booms does not

affect reproduction.

- Sonic booms do not affect the hatchability of chicken eggs nor do they
affect fish or fish eggs.

- Although knowledge concerning the effects of sonic booms on wildlife
is limited, all evidence to date indicates that animals, under most
circumstances, are unaffected. Sonic booms may, under extreme and unusual
circumstances (booms in excess of 100 psf) adversely affect wildlife, as in
the case of the Sooty Tern incident (see next page).

Individual wild, domestic or pet animals exhibit different reactions to
sonic booms according to the spacies involved, whether the animal is alone,
and some cases whether there has been previous exposure. Common reactions
are moving, raising the head, stampeding, jumping and running. Avian
species may run, fly or crowd. Animal reactions vary from boom to boom and
are sLmilar to low-level subsonic flights, helicopters barking dogs,
blowing paper and sudden noiaes. The reponses are eithtr unrecognizable or
consist of an apparent alertxng accompanied by trotting off a short
dMstance. Damage c].aims have been submitted by farmers and livestock
breeders concerning loss resulting from sonic booms. Primary complaints
have been that the productiv:.ty of animals was adversely affected and that
panic and injury often resulted from the startle reaction. From Air Force
claims records between 1961 and 1970, $900,000 in animal claims were made
and $128,000 in damages awarded. The largest amounts were connected with
mink production ($610,000 in claims and $p00,000 in damages paid) with
claims for chickens and horses following.

Several experiments have been conducted to investigate the physiological
animal response to sonic booms. Studies under various tests were: Effect
on hatchability of chicken eggs; cattle and horse response; effects of
intense booms (80 to 144 psf) on fish; reindeer; mink; and fish eggs. In
other studies no significant responses or production changes were foupd for
pheasants, chickens, turkeys, sheep, dairy and beef cattle or horses.
Bell reported that between 1961 and 1970, claims submitted to the Air Force
for chickens, horses, and oattle totalled $144,000 but only $21,500 was
actually awarded in damages.
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Mink Reactions:

Two e3:tensive investigations of mink response to qonic booms, ranging in
over-pressure f 6 om 0.5 psf to 2.0 paf in one test and 3.6 psi to 6.6 psf in
the second test, found that no adverse effect on reproduotl.on or behavior
resulted from the booms.

Chickens:

Two tests were conducted to Lnvestigatea so.ic boom effects on hatohability
of chicken eggs. One study ,:arrted out in Texas in 1965 exposed a total of
3,415 hatching eggs to 30 booms pz)' day over a 21 day period. Over-
pressures ranged from 0.75 psf to almost 6 psf. No deviations in the hatch
rate were round in tlis test. A second test condinted .lrn France in 1972
exposed hatching eggs to six booms per dlay. The hatched chicks from these
eggs were all nornual.

Fish:

Testing of fish eggs and guppy reaction to sonic booms was conducted in the
early 1970s. Trout and salmon were reared from egg stage to maturity in the
usu1 l manner except for exposure to sonic booms in the range of 1 psf to 4
paf. No abnormal increase ta mortality rate v-9 s noted. Guppies were
exposed to shock waves of 550 psi "in the an'). The f'Jsh detected the
passage of the shock wave and reacted momentarily, howevc'r, no adverse
effects were noted in observations during two months subsequent to the
shock wave exposure.

Reindeer:

A study of reindeer reaction to sonic booms reve3led that at low levels of
over-pressure (0.3 psf to 0.5 psf) the animals react witti temporary muscle
contraction and minimal or undetectable interruption of. antivities. Higher
levels of over-pressure (up to 10.5 pst) cause.3 the i-eIndeer to raise their
heads, look around and sniff but never produced a reaction strong enough to
bring resting animals to the-r- feet. Panic movements were not observed, but
neither was adaption to startle noted.

Sooty Terns:

One well documented incident reveali, thbt supersonlc over-pressure may have
affected a wild bird reproduction rate. During 1969 in a Sooty Tern
breeding colony of a Florida Key, the birth rate of young terns was 1.3% of
the expected rate. Possible causes including weather, predation, food
shortage, over-dense vegetation in the colony, pe4ticides, and disturbance
by man were investigated and discounted. Three very intense sonic booms
between May 4 and May 11 may have caused einbryo damage due to egg
abandonment or physical damage to uneove.*ed eggs. (Over'pressures of 100 psf
or more have been generated by ai rcrart flying supersouically within 60 feet
of the ground.) Birth rates in preceedLng and suceeding years were normal.
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Bighorn Sheep:

Correspondence from U.S. Fisn and Wildlife Service personnel managing the
Cabeza Prieta Wildlife Rg[uga, Arizona, listed observations of bighorn
reactions to sonic booms. The observations were reported as follows:

9/13/78 Plomosa Mtns, 1 ewe, 1 yrlg, 3 class II rams, 2 el. III rams.
Activity - all animals bedded down (sonic boom) animals stayed in position,
standing but frozen, then entire band ran about 20 yards upslope, huddled,
alert;, stayed in this position for about 15 minutes then moved uphill
towards new shaded area.

1/3/79. Plomosa Mtns. 6 ewes, 2 yrlgs. Activity - feeding (sonic boom)
no visible reaction.

May 1979. New Water Mtn:i, 2 ewes, 2 lambs. Activity - bedded down
(sonic boom) sheep twisted their heads and stared in several directions,
none of the animals rose.

3/21/79. Kofa Mtns. 3 rams. Activity - walking up hillside (sonic
boom) sheep stopped, looked around and continued walking up hillside.

3/22/79. Kofa Mtns. 13 rams. Activity - part of band bedded down,
part standing around (sonic boom) bedded sheep jumped to their feet,
standing sheep bolted about five yards, in about 5 minutes sheep began to
feed and bed down again.
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SONIC BOOM CALCULATIONS:

A simplified method for calculating the sonic boom characteristics for
various aircraft shapes has been developed as discussed earlier. The sonic
boom over-pressure and signature duration may be predicted for the entire
affected ground area for aircraft in level flight or in moderate alimbing or
descending flight paths. The procedures for calculation of the predicted
sonic boom by the simplified method involves three basic steps:
determination of an aircraft shape factor, evaluation of atmosphere
propagation factors, and calculation of signature shook strength and
duration.

The effects of flight-path curvature and aircraft acceleration are not
considered in using the simplified method. The method is further restrioted
to a standard atmosphere without wind. These limitations, however, do not
appear to affect the general applicability of this method for normal
variations from the standard atmosphere and for moderate flight-pLth
curvature and aircraft acceleration. A variety of correlations of predicted
and measured sonic boom data for aircraft arid spacecraft has served to
demonstrate the applicability of the simplified method.

The simplified method is illustr'ated in Figure 3 where:

Op = Maximum over-pressure expected

KL Lift parameter

P = Atmospheric pressure at aircraft altitudev

P = Atmospheric pressure at the groundg

K = Shape factors

Kp = Pressure amplification factor

M = Mach No.

W Weight

Length of aircraft

h Height of aircraft above ground

Several cases were chosen for study representing the range of altitudes in
which training aircraft would be conducting air combat maneuvering. Since
ACM type training is thi major source of sonic booms, supersonic activity
involving primarily the F-4, F-15, and F-16 was selected. For each
aircraft, boom strongths were calculated for altitude3 ranging from 15,000
tu 30,000 feez mean sea level. The calculations were made for the aircraft
in steady rectilinear flight (constant speed, straight and level flight).
Table 1 illustrates the over-pressures of sonle booms for various &1.titudes.
Table 2 shows the extent (Ndth) of sonik booms at various alrspeeds and
altitudes and provides the Intensity of" the boom at cutuff.
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Boom Duration:

The N-wave duration (Ut1) can be estimated by the relationship:

6t = 2(0+1) M r 0.25 70.75 K
Spo.75 ah

where;

r z Slant Range (distance from observer to aircraft)

ah = Speed of Sound at Aircraft Flight Altitude

S= 1.4 (the ratio of specific heats)

13 = M 2-1 '-

(Other variables are as described on previous page.)

Sonic Boom Cutoff:

The temperature gradient in a standard atmosphere refracts sonic booms
upwards. Booms caused by aircraft at low Mach numbers, depending on
aircraft height, h, above ground, will not propagate to the ground. The
Mach number below which this occurs, and above whioh will, result in booms
reaching the ground, is called cutoff mach number, and is symbolized as M_.
The cutoff Mach number is approximately given by:

.e4 03 3 x 10-6h h 4 35,300 feet
Mc = 1.153 35,300 1 h _ 51,000 feet

A similar process works to limit the distance a sonic boom will propagate to
the side of a flight path, where again cutoff occurs. This distance, d

in feet, may be calculated from,

(1+M) M_; /

d h a

Where h is height of the aircraft in feet, and K is the aircraft Maoh
number.
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C-Weighted Sound Exposure Level:

The C-weighted sound exposuro level, CSEL, used to calculate C-weighted
day-night average sound level for sonic booms caused by F-16 aircraft is
given approximately by:

LCE 178 + 10 lOgl01vI - 2.5 logl0 (M2 -1) - 15 log,, r

where:

I e" us the ratio of atmospheric pressure of aircraft height to sea level
pre~sure

S is the ratio of atmospheric pressure at an observer's ground elevation
to saa level pressure

M is the aircraft Mach number

r is the slant distance from aircraft to the observer.

As an example, the C-weighted sound exposure level for an aircraft at 20,000
feet MSL, flying at Mach 1.1, directly underneath the flight path at an
observer elevation of 3,000 feet MSL is 109.2 decibels.

C-Weighted Day-Night Average Sound Level Calculations:

As identified earlier in this Appendix, the C-weighted day-night average
sound level, CDNL, can be cacoulated from the expeession:

LCdn LCE-- + 10 loglo (Nd + 10 N) - 49.

The term L Eis the logarithmic average of the C-weighted sound exposure
level (CSEE ) of individual booms and was calculated for the purposes of
this proposal using the following rationale:

The preceeding equation for -;he term L yields the CSIL at a single pointS ... • ^ • ,A•of the f__h .__ h u
directly below the flight pa-h. POiu th ............. . up
to a cutoff, will have decreasing sound exposure levels as the distance from
the flight path increases. in addition, the extent of exposed areas along
the flight path will depend on how long the aircraft remains supersonic.
Along the flight path, direo-ly underneath, the boom will travel a distance
equal to the aircraft speed times the duration of supersonic flight. Air
Force statistics on high performance fighters during combat maneuvers
indicate 15 seconds is an avqrags duration for supersonic speeds. The
average aircraft elevation &id supersonic speed anticipated for the proposed
airspace is 20,000 feet MSL (15,000 feet AGL) and Mach 1.1 respectively. At
Mach 1.1, the distance traveled in 15 seconds, at 20,000 feet MSL altitude,

is approximately 17,100 feet and the lateral cutoff for the boom produce is
about 22,540 feet.
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Directly underneath the flight. path the CSEL remains constant. The CS&2 to
the side of the flight path decreases by 15 times the logarithm of the ratio
of slant distance to aircraft height above ground, up to a lateral distance
equal to approximately 0.8 times the lateral cutoff. The sonic boom wave
disintegrates rapidly into a rather ragged sine wave of much lower pressure
as the lateral distance approaches cutoff. Following Ref. FF, CSE is
assumed to decrease by 10 additional decibels as the ratio of lateral
distance to d increases fiom 0.8 to 1.0. The boom CSEL is considered
negligible atYgfeater latera:. distances. With aircraft height of 20,000
feet MSL (15,000 feet AGL), and a lateral cutoff distance of 22,540 feet,
the CSEL at 0.8 of lateral cutoff, or 18,030 feet, is 2.9 decibels lower
than directly beneath the flight path, and approximately 13 decibels lower
at 22,540 feet.

The CSEL along the boom carpet, directly under the aircraft, is constant.
The space average CSEL over the boom area is the energy mean average sound
level from 0.8 times the lateral cutoff distance on one side of the boom
width to the sound level overhead. This space average value is
approxiinatay 1.1 decibels below the overhead level. for the described
situation. The space averag;e CSEL per home is thus 109.2 - 1.1 = 108.1
decibels over an area with dimensions of 17,100 feet along the flight track
(3.2 miles), 18,030 feet to each side (3.4) miles), for a total area of 22
square miles.

If all booms generated in the proposed supersonic flight airspace occurred
n'uch that the same 22 square mile ground area was impacted, then the space

average CSEL of 108.1 decibels could be used to calculate the day-night
average sound level, CDNL, for that area. However, the booms will not be
occurring at the same location. The Air Force studied air-to-air combat
maneuvers in the Oceana MOG t.o determine the actual areas where sonic booms
would be created. The aircraft used in the study were F-15s, but the
analysis Is being used to approximate P-16 operations for the purpose of
this document.

In Ref. GG the Oceana data was analyzed and it was learned that the traces
of a number of flight paths nhow that, except for entry and exit of the MOA,
maneuvers were concentrated in an area roughly oP" an elliptical shape. The
origin of the ellipse was at a geographical location that is midway between
two navigational reference points, approximately 40 miles apart, the major
axis of the elipse being along this line.

For F-15 maneuvers, the aspect ratio of the ellipse surrounding the
maneuvering area was approximately 1.7:1, or 20 miles wide by 34 miles long,
covering approximately 534 square miles. Within this area, supersonic
flight was contained within a smaller ellipse, with the same origin and
principal "axes" Ps the larger, having an aspect ratio of 1.5:1, with
dimensions of approximately 12 miles wide by 18 miles long, enolosing an
area of approximately 170 square miles.

Traces of representative flight tracks indicated that in the Oceana data an
aircraft coul. be at any location within the ellipses during a sortie. On
average, the '-15 made 0.8 booms propagating to the ground per sortie, of 15
seconds duration, during a 20 minute sortie. That is, during 0.010 of the
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time the aircraft was within the supersonic naneuvering area it wan, on the
average, causing a propagating boom that reaches the ground. The randomness
of the flight tracks within '"he supersonic area, and the low probability of
occurrence lead to a first order assumption that the probability of a boom
being experienced on the ground is a random process having a Poisson
distribution functLon. The expected rate of boom production, and resultant
CSEL are as described above; the geographical location of the aircraft when
causing a boom is equally probable at any point within the supersonic
maneuvering area.

The above assumptions lead to the computation that the space average CSE.
per boom within the supersonic maneuvering ellipse is the space average CSEL
per boom, reduced by 10 times the logarithm of the ratio of the area per
boom to the area of the supersonic maneuvering area,

CE CSEL - 10 lg [ euv6ring area)
EL - lo (boom area) I

In the case of the F-16 where the space average CSEL has been determined to
be 108.1 decibels and the area per boom is 22 square miles.

LCE 108.1 - 10 log 10Ii2?i) 99.2 decibels

Since the flights are assumed to occur anywhere within the supersonic
maneuvering area, including along its periphery, a larger area outside this
boundary will be exposed to nomewhat lower sound levels, out to 0.8 times
týh cutoff distance, or- 34 iniilwq to the side of the flizht track. This
defines an outer ellipse with dimensions of 18.8 miles total width by 24.8
miles length with a long term averager CSEL of 99.2 - 2.9 = 96.3 decibels
along the boundary. A third ellipse, corresponding to the cutoff boundary,
has dimensions of 21.4 miles in width and 27.4 miles in length, with a
boundary CSE. of 86.3 decibels. With these computations, the C-weighted
day-night average sound level can be computed for the cumulative effect of
operations.

In the proposed supersonic fl.ight airspace it is anticipated that there will
be three separate ellipses where supersonic maneuvering wil take place. In
the worst case condition (1,050 supersonic sorties being flown in this
airspace in one month) it is further anticipated that the north and middle
ellipses will carry about 400 supersonic sorties each with the south ellipse
taking the remaining 250 supersonic sorties. Assuming each supersonic
sortie produces an average of' 2.5 booms and 0.3 of these actually reach
ground level, the land areas beneath the north and middle allipses will be
oubjected to 300 booms per month or about 14 booms per day and the land
beneath the south ellipse will be subjected to 188 booms per month or about
9 booms per day.

The C-weighted day-night average sound level (CDNL) for the land areas
beneath these ellipses can then be calculated using the equation identified
at the beginning of this section.
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North and Middle Ellipses: With 14 booms created per day, 5 days per
week, 52 weeks per year, the long term average number of daily operations
is:

14 x 5/7 = 10

and the space average CDN L within the elliptical supersonic maneuvering
area having dimensions of 12 by 18 miles is:

L = 99.2 + 10 log1 10 -- 49.4 = 59.8 decibels
Cdn 1

The ellipse at 0.8 times cutoff distance, 18.e miles wide by 24.8 miles
long, has a CDNL of 59.8 - 2.9 = 56.9 decibels. The outer ellipse, defining
the outer cutoff boundary, 21.4 miles wide by 27.4 miles long, has a CDNL of
46.9 decibels.

South Ellipse: With 9 booms created per day, 5 days per week, 52 weeks
per year, the long term average number of daily operations is:

9 x 5/7 =6.4

and the space average CDNL wi.thin the elliptical supersonic maneuvering area
having dimensions of 12 by 18 miles is:

LCdn = 99.2 + 10 log,, 6.4 - 49.4 = 57.9 decibels

The ellipse at 0.8 times cutoff distance, 19.8 miles wide by 24,8 miles
long,has a CDNL of 57.9 - 2.9 = 55.0 decibels. The outer ellipse, defining
the outer cutoff boundary, 21.4 miles wide by 27.4 miles long, has a CDNL of
45.0 decibels.

B-29



REFERENCES

A. RESULTS OF USAF-NASA-FAA FLIGHT TEST PROGRAM TO STUDY COMMUNITY
RESPONSE TO SONIC BOOM IN THE ST. LOUIS AREA
Charles W. Nixon and Harvey H. Hubbard
NASA TN D-2705, 1965

B. COMMUNITY RESPONSE TO SONJIC BOOMS IN THE OKLAHOMA CITY AREA:
VOL 11 UATA ON COMMUNITY REACTIONS AND INTERPRETATIONS
Paul N. Borsky
A~rospace Medical Research Laboratortes, Wright-Patterson Air Force Base,
Ohio, AMRL-TR-65-37, Vol II, Oct 65

C. PSYCHOLOGICAL EXPERIMENTS OF 30NIC BOOMS
K.D. Kryter, P.J. Johnson and J.R. Young
Sonic Boom Experiments at Edwards Air Force Base,
Interim Report, July 18, 1967, Annex B

D. THE INFLUIENCE OF IMPULSE NOISE CREATED BY MODERN AIRPLANES ON THE HUMAN
ORGANISM
A.V. Chapek, B.M. Mirzoyev and V.N. Somonov
Joint Publications Research Service: 38,272, October 1976

E. INITIAL CALIBRATION AND PHYSIOLOGICAL RESPONSE DATA FOR THE TRAVELLING
WAVE SONIC BOOM SIMULATOR
Richard Carothers
Institute fo.- Aero_-p-c S,,dis-s, Univeprity o- Toronto,
UTIAS Tsohnioal Note No. 180, August 1972

F. PROPOSED DAMAGE RISK CRITERION FOR IMPULSE NO SE (GUNFIRE) "RSPORT OF
WORKING GROUP 57, NAS-NRC COMMITTEE ON HEARING" E OACOUSTICS AND
BIOMECHANICS (CHABA)
W. Dixon Ward
Chairman, Washington, D.C.: Office of Naval Research
pp 499-500, Working Group met in July 1968

G. FINAL REPORT STRUCTURAL RESPONSE TO SONIC BOOMS
Office of Deputy Administrator for SST Dev., F.A.A.
Washington, D.C., SST 65-1, Vol 1 AD 610822, February 1965

H. RESPONSE OF STRUCTUFES TO SONIC BOOMS PRODUCED BY XB-70, B-58 AND
F-10 AIRCRAFT
J.A. Blume, R.L. Sharpe, G. Kost and J. Proulx

I. STRUCTURAL REACTION PROGRAM NATIONAL SONIC BOOM STUDY PROJECT
John A. Blume and Associates Research Div., SST Dev., F.A.A.
Report No. SST 65-15, Vol 1, April 1965

J. STATISTICAL PREDICTION MODEL FOR GLASS BREAKAGE FROM NOMINAL SONIC BOOM
LOADS
R.L. Hershey and T.H. Higgins
Report FAA-RD-73-79, January 1973

B-30



K. SEISMIC EFFECTS OF SONIC BOOMS
T.T. Goforth and J.A. McDonald
NASA CR-1137, 1968

L. ANIMAL RESPONSE TO SONIC BOOMS
Wilson B. Bell
Sonic Boom Symposium, The Journal of the Acoustical Society of America,
Vol 51, No 2 (Part 3), February 1972 pp 758-765

M. SONIC BOOMS RESULTING FROM EXTREMELY LOW ALTITUDE SUPERSONIC FLIGHT:
MEASUREMENTS AND OBSERVATIONS ON HOUSES, LIVESTOCK AND PEOPLE
C.W. Nixon, H.K. Hille, H.C. Sommer and E. Guild
Aerospace Medical Research Laboratories, Wright-Patterson Air Fore Base,
Ohio, Report No. A1MRL-TR-68-52, October 1968

N. THE EFFECTS OF SIMULATED SONIC BOOMS ON REPHODUCTION AND BEHAVIOR OF
FARM RAISED MINK
H.F. Travis, G.U. Richardson, J.R. Menear and James Bond
U.S. Department of Agriculture/Agricultural Research Service,
ARS 44-200, June 1968

0. AN INTERDISCIPLINARY STUDY OF THE EFFECTS OF REAL AND SIMULATED SONIC
BOOMS OF FARM RAISED MINK (MUSTELA VISON)
Hugh F. Travis, James Bond, R.L. Wilson, J.R. Leekly, J.R. Menear,
C.R. Curran, F.R. Robinson, W.E. Brewer, G.A. Huttenhauer and J.B. Hanson
Federal Aviation Administration, Report No. FAA-EQ 72-2, Aug 72

P. EFFECT OF SONIC BOOMS ON THE HATCHABILITY OF CHICKEN EGGS
J.M. Heinemann and E.F. BeBroeq, Jr.
Regional Environmental Health Laboratory, Kelly Air Force Base,
Texas, Report SST 65-12, February 1965

Q. SONIC BOOM EXPOrTJRE EFFECTS: EFFECTS ON ANIMALS
P. Cottereau
The Journal of Sound Vibration, Vol 20, No. 4, 1972 pp 531-534

R. EFFECT OF SONIC BOOM ON FISH
R.R. Ruckes
FAA Report FAA-RD-73-29, February 1973

S. SONIC BOOM EFFECT ON FIS1 - OBSERVATIONS
M.E. Wilkins
Unpublished Paper, NASA Ames Research Center
Moffett Field, California 1971

T, EXPERIMENTS OF THE EFFECTS OF SONIC BOOM EXPOSURE ON HUMANS
R. Rylandee, S. Soransen, K. Bergluud and C. Brodin
Sonic Boom Symposium, The Journal of the Acoustical Society of America,
Vol 51, No 2, (Part 3), February 1972 pp 790-798

B-31



U. MASS HATCHING FAILURE OF DRY TORTUGAS SOOTY TERNS
S.B. Robertson, Jr.
Fourteenth Tnternational Ornithologloal Congrese,
Holland 1970

V. SONIC BOOM LITERATURE SURVEY, VOL 1: STATE OF THE ART
Larry J. Runyan and Edward J. Kane
Report No. FAA RD-73-129-1, September 1973

W. SIMPLIFIED SONIC BOOM PREDICTION
Harry W. Carlson
NASA Teohninal Paper 1122, Kroh 1978

X. SHRIEY OF SONIC BOOM PHENOMENA FOR THE NON-SPECIALIST
Simon Slutsky
Report No. FAA-RD-75-68, February 1975

Y. SONIC BOOM, A REVIEW OF CURRENT KNOWLEDGE AND DEVELOPMENTS
The Boeing Company, Supersonio Transport Branch
Boeing Document D6A 10598-1, January 1967

Z. PROCEEDINGS AT THE SECOND SONIC BOOM SYMPOSIUM
H.S. Ribner, H.H. Hubbard, Editors
Sponsored by the Acoustical Society of America
Houston, Texas, 3 November 1970

AA - ONT! -nOM.-TInTJlED WUILDINTNrt RT(:VT1RR IR. P-KR__ TIN•UDM_1!l DA AQO
Clarkson, Brian L. and William H. Haye's
J. Accoust. Soc. America Vol. 51, Feb 1972, pp. 742-757

BB. DRAFT ENVIRONMENTAL IMPACT STATEENT, FLIGHT OPERATIONS IN THE SELS
AIRSPACE OVERLAYING THE PAPAGO INDIAN RESERVATION, SOUTHERN ARIZONA
Department of the Air Force
Headquarters Tactical Air Command, Langley AFB, VA Feb 1979

CC. THE EFFECTS OF SONIC BOOM AND SIMILAR IMPULSIVE NOISE ON STRUCTURES
National Bureau of Standards with Environmental Proteotion Agency
December 1971

DD. EFFECTS OF NOISE ON WILDLIFE
John L. Fletcher and R.G. Busnel
Academic Press, New York 1978

EE. YUMA, U.S. FWS LETTER OF OBSERVATIONS ON BIGHORN 9EEP
Gene Cook, Environmental Engineering
58th, CES/DEEVE, Luke AFB, Yuma, Arizona, June 6, 1979

FF. PROCEDURES AND DATA FOR PREDICTING DAY-NIGHT LEVELS FOR SUPERSONIC
FLIGHT AND AIR-TO-GROUND GUNNERY
Bishop, Dwight E.
BBN Report 3715, Bolt Beranek and Newman Inc., 1978

GG. DEVELOPMENT OF C-WEIGHT DAY-NIGHT r. .. RAGE SOUND LEVEL CONMU FOR F-15

8-32



AIR COMBAT MANEUVERING AREAS
Galloway, William J.
BBN Report 4430, Bolt Beranek and Newman Inc.
Submitted to HQ Tactical Air Command, Environmental Planning Division,
Langley AFB, Virginia, August 1980

HH. STATUS OF KNOWLEDGE OF SONIC BOOMS
Domenic J. Maglieri, Harry W. Carlson, and 11arvey H. Hubbard
"Noise Control Engineeving", Volume 15, Number 2, September - October i980,
pp. 57-64.

II. GUIDELIWES FOR PREPARING ENVIRONA1ENTAL IMPACT STATEMENTS ON NCI2E
Committee on Hearing, Bioaooustios, and Biomeohanics (CHABA) National
Acadimy of Sciences, 1977.

JJ. ASSESSMENT OF COMMUNITY RESPONSE TO HIGH ENERGY IMPULSIVE SOUNDS
CHABA Working Group 84
National Academy of Sciences
National Academy Press Washington D.C., 1981

B-33



APPEYDIX C

PROBABILITY OF ,SONIC BOOMS OCCURRING

AT VARIOUS POINTS IN GANDY RANGE EXTEN31ON
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APPEIDIX C

PROBABILITY OF SONIC BOOMS OCCURING

AT VARIOUS POETS IN GANDY RANGE EXTENSION

Probability, p, of a single boom being heard in elliptical operating area
when only one boom 1s generated is.:

p a carpet area
ellipse area

p a 2 m 0.13

170 eq mi.

Probability of y booms being heard when n booms are generated is:

P(y) . Cry py qn-y
y

y = number of booms

n = number of booms generated

p z probability of a single boom being heard when only one boom Ia
anAamAt-id I n thi AiretpkQe

= combination of n things, taken y at a tia. (
y t(yl) (n-.y) I1

This assumes that there is an equal ohance that an aircraft will be located
at any point in the elliptical operating area.

The average number of carpet booms generated in a single day in either the
northern or oentral ellipse is:

400 sorties 2.5 rooms generated 0.3 booms to Ground
n = month x sortie x booms aenmrated

22 da
month

= 13.6 ! 14
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pROBABILITY OF SONIC BOOKS OCCURRING AT VARIOUS POINTS IN
GANDY RANGO. EXTENSION (Continued)

No. of booms Probability of hearirg given Probability of hearing given
no. of booms on a single day no. or more booms on single day

0 o.14 1.00

1 0.30 0.86

2 0.29 0.56

3 0.17 0.27

4 0.07 0.10

5 0.02 0.03

6 0.01 0.01

7 '0.01 o0.01

8 .40.01 '0.01

9 .40.01 4c0.01

10 40.01 <0.01

11 '0.01 40.0i

12 40.01 140.01

13 '0.01 4c0.01

14 .0.01 40.01

Above numbers apply to the northern and centfal ellipses.

C-3



PROBABILITY OF SOMIC BOOKS OCURRING AT VARIOUS POIXTS IN

GANCY RANGE EXTEIN310N (oontinued)

For southern ellipse

Expected no. of booms a 250 x 2.5 x 0.3
22

booms
a 8.25w 9 day

No. of booms Probability of hearing given Probability of hearing given

no. of boom on a single day no. or more booms on a single day

0 0.29 1.00

1 0.38 0.71

2 0.23 0.33

3 0.08 0.10

4 0.02 0.02

5 40.01 (0.01

6 40.01 4C0.01

7 ,40.01 zO.01

8 1 0.01 zo.01

9 (0.01 10.01
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